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19.  ABSTRACT,  continued 

perhaps  not  quite  as  popular.  The  grovrth  of  nuclear  science  techniques  in 
materials  science  is  not  surprising  since  accelerators  are  just  beginning  to 
be  utilized  in  this  area  of  research.  The  entire  field  of  Materials  Science 
is  growing  rapidly,  as  is  evidenced  by  the  Materials  Research  Society  being 
one  of  the  fastest  growing  scientific  societies  in  the  world.  Another 
interesting  bit  of  data  in  this  regard,  is  that  one  company  which  is  the 
largest  manufacturer  of  electrostatic  accelerators  has  in  the  last  few  years 
processed  more  orders  for  materials  analysis  accelerators  than  it  has 
produced  for  this  application  in  its  twenty-four  year  history .'V  The 
Organizational  Committee  for  this  conference  tries  to  stay  in  tune  with  all 
of  the  recent  developments  with  research  and  industrial  applicatiOjns  of 
accelerators.  We  hope  that  the  quality  of  our  past  conferences  has  proven 
this  point  and  if  funded,  we  will  keep  the  same  high  standards  for  the 
conference  outlined  in  this  proposal.  j 
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APS  Reports 


NEWLY  ELECTED  FELLOW 
Walter  E.  Massey 

Citation:  For  his  excellence  in  the  adminisiration  of  major 
scientific  organizations  and  for  the  development  of  inno¬ 
vative  ways  to  convey  the  excitement  of  physics  to  stu¬ 
dents  and  the  general  public. 


“STEP”  TRAVEL  GRANTS  TO  HELP  FOREIGN 
GRADUATES*  JDENTS  ATTEND  APS  MEETINGS 

APS  is  again  participating  in  the  1991  “Short  Term  En¬ 
richment  Program”  (STEP)  of  the  Office  of  Student  Sup¬ 
port  Services  of  the  U.S.  Information  Agency.  This  pro¬ 
gram,  which  is  administered  through  the  Institute  of  In¬ 
ternational  Education,  provides  awards  to  foreign  gradu¬ 
ate  students  studying  in  the  United  States  to  help  defray 
part  of  their  travel  expenses  to  attend  professional  meet¬ 
ings.  The  maximum  permissible  award  to  an  individual 
student  is  S300,  but  because  the  demand  so  much  exceeds 
the  available  funds,  awards  are  likely  to  be  substantially 
smaller. 

IN  1991  THE  MAXIMUM  NUMBER  OF  AWARDS  TO 
ANY  ONE  MEETING  THAT  WILL  BE  MADE  TO 
STUDENTS  AT  ANY  ONE  INSTITUTION  WILL  BE 
AS  FOLLOWS: 

NUMBER  OF  PHYSICS  MAXIMUM  NUMBER 
GRADUATE  STUDENTS  OF  AWARDS 

LESS  THAN  50  1 

51-100  2 

MORE  THAN  100  3 


APS  “STEP”  AWARDS  MAY  BE  AVAILABLE  FOR 
THE  FOLLOWING  1991  MEETINGS 

General  Meetings:  San  Antonio,  TX,  21-24  January 
199!;  Cincinnati,  OH,  18-22  March  1991;  Washington, 
DC,  22-25  April  1991. 

Divisional  Meetings:  Nuclear  Physics,  Urbana,  IL,  25-27 
October  1990;  Plasma  Physics,  Cincinnati,  OH,  12-16  No¬ 
vember  1990;  Fluid  Dynamics  Physics,  East  Lansing,  MI, 
18-20  November  1990. 

To  be  eligible  for  a  STEP  award,  an  applicant  must  be  a 
foreign  full-time  graduate  student  at  a  U.S.  institute  of 
higher  learning  who  has  not  received  a  STEP  grant  previ¬ 
ously.  Students  with  refugee,  immigrant,  or  tourist  visa 
status  are  not  eligible.  University  assi.vtants  are  normally 
eligible,  but  U.S.  Government  employees,  and  those  hav¬ 
ing  U.S.  Government  fellowship  or  travel  grants  are  not. 

Applicants  should  submit  a  letter  stating  their  need  for 
travel  funds,  their  nationality  and  visa  category,  and 
affirming  their  status  as  full-time  graduate  students  in  the 
U.S.;  a  letter  of  nomination  from  their  department  head; 
and  a  copy  of  the  abstract  of  the  contributed  paper  to  be 
presented  at  the  meeting.  While  the  deadlines  for  STEP 
applications  for  each  meeting  are  the  same  as  the  dead¬ 
lines  for  the  receipt  of  abstracts  for  publication  in  the  Bul¬ 
letin  of  the  American  Physical  Society,  these  two  submis¬ 
sions  should  be  made  separately.  The  complete  STEP  ap¬ 
plication  should  be  sent  to: 

STEP  Travel  Grant  Program 
The  American  Physical  Society 
335  East  45th  Street 
New  York,  NY  10017 


Highlights  of  Whafs  New 


WHAT'S  NEW  is  a  weekly  electronic  communication  to 
members  of  the  American  Physical  Society.  Its  purpose  is 
to  provide  an  “early  warning”  of  government  policy  issues 
that  affect  the  health  of  physics.  The  approach  is  frankly 
editorial.  It  can  be  accessed  without  charge  by  any 
member.  All  that  is  needed  is  a  terminal  and  a  modem. 

ACCESS  INSTRUCTIONS.  Just  dial  the  local  Telenet 
number  and  follow  these  instructions.  CD  At  the 
CONNECT  prompt,  hit  the  return  key  twice,  (2)  at  the 
TERMINAL  prompt,  hit  the  return  key,  (3;  at  the  @ 
prompt,  type  TELEMAIL,  and  hit  the  return  key,  C4)  for 
USERNAME,  type  GMEMBER,  and  hit  the  return  key, 
(5)  for  PASSWORD,  type  /5.PS692,  and  hit  the  return  key. 
After  the  current  “What's  New"  page  appears  on  the  ter 


minal,  the  user  will  automatically  be  disconnected  from 
Telemail. 

Highlights  edited  by  Robert  L.  Park 
(18  May  90) 

Last  Year  You  Learned  to  Spell  “Sequestration,”  This 
year  it  could  cat  your  lunch.  A  four -month  sequestration 
took  1.5%  across  the  board  last  year.  Coupled  with  a 
0.43%  tax  to  support  the  war  on  drugs,  it  created  some 
havoc  among  .science  programs.  This  year,  private  esti¬ 
mates  of  the  sequestration  required  to  take  care  of  the  pro¬ 
jected  deficit  range  from  a  White  House  figure  of  18.3%  to 
a  paralyzing  23.8%  estimate  jn  Capital  Hill — and  the 
numbers  keep  rising  as  revenues  lag.  If  the  thought  of  cut- 
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ting  appropriatiunb,  \vhi«.h  aren’t  doing  too  well  an>\va>, 
b>  nearl>  one  fourth  alarms  >ou  just  hope  that  it  does  the 
same  to  the  negotiators  at  the  budget  summit.  So  far,  the 
two  sides  seem  to  be  plaj  ing  a  game  of  ehieken. 

(25  May  90) 

Darman  Hopes  to  Exempt  NASA’s  Huge  Increase  from 
Gramm-Rudman.  According  to  Aiiatlun  WclK,  the  0MB 
Director  wants  NASA  left  out  of  negotiations  at  the  bud¬ 
get  summit.  That  would  increase  the  burden  on  everjone 
else,  particularly  NSF,  which  comes  under  the  same  ap¬ 
propriations  subcommittee.  The  President’s  request  for  a 
24Cc  increase  in  NASA’s  budget,  most  of  which  is  target¬ 
ed  for  the  manned  space  station,  was  apparentl>  intended 
to  create  a  welfare  program  for  the  aerospace  industr>, 
which  faces  big  defense  cuts.  In  Senate  testimonj  last 
week,  Fred  Spilhaus  of  the  American  Geoph>sical  Union 
said  he  knew  of  no  scientific  society  prepared  to  Justify 
space  station  Freedom.  Don’t  look  at  us. 

(25  May  90) 

At  What  Point  Does  Foolish  Science  Become  Blatant 
Misconduct?  Perhaps  wuen  a  lawjer  is  hired  to  intimi 
date  critics  into  withholding  contradictory  esidenec.  In 
an  article  in  Sature  on  29  Mar  90,  ten  scientists  at  the 
University  of  Utah  who  were  allowed  to  monitor  cold 
fusion  cells  in  Pons’s  laboratory  reported  that  over  a  five- 
week  period  last  year  they  found  no  fusion  emissions. 
Each  coauthor  has  since  received  a  demand  frora  Pons’s 
lawyer  that  the  article  be  retracted  or  they  will  face  Lgal 
action.  And  it  gets  uglier.  The  Salt  Lake  City  Tribta  v  re¬ 
ports  that  the  lawyer  has  been  paid  more  than  $50,000 
dollars  by  the  University  of  Utah  for  legal  work  related  to 
cold  fusion  (S6C.,(XX)  to  date).  The  stunned  coauthors  say 
they  undertook  the  monitoring  at  the  behest  of  the  Uni¬ 
versity.  There  are  reports  that  scientists  involved  in  assay¬ 
ing  the  Utah  cathodes  for  helium  and  at  least  one  journal¬ 
ist  have  also  been  threatened  with  legal  action.  This  chal 
lenge  to  free  academic  inquiry  raises  serious  questions 
about  the  resolve  of  University  of  Utah  officials  to  police 
academic  misconduct. 

(1  Jun  90) 

N.  Richard  Werthamer  Has  Been  Named  to  Succeed  W  il- 
liam  Havens,  Jr.,  who  will  retire  in  January  as  Executive 
Secretary  of  the  American  Physical  Society  after  23  years. 
Werthamer  graduated  summa  cum  laude  froni  Harvard  in 
1956  and  received  his  Ph.D.  m  Physics  from  the  Universi¬ 
ty  of  California,  Berkeley,  m  1961.  He  joined  Bell  Labora¬ 
tories  in  1962,  where  he  was  a  central  figure  in  developing 
the  theory  of  quantum  crystals  of  solid  helium.  He  be¬ 
came  the  first  APS  Fellow  to  the  U.S.  Congress  in  1973 
and  has  since  held  a  number  of  positions  in  technical 
management.  He  is  a  Fellow  of  the  Society  and  served  on 
the  APS  Council  and  the  Panel  on  Public  Affairs.  Over 
the  ne.vl  seven  months  he  will  work  with  Havens  to  ensure 
a  smooth  transition.  Today  is  his  first  day. 

(lJun90) 

A  Reorganized  Education  Program  at  NSF  Leaves 
Shakhashiri  Out.  NSF  Director  Erich  Bloch  today  an 


nounccd  a  new  Directorate  for  Education  and  Human 
Resources  with  responsibility  for  managing  education  and 
minority  programs.  Luther  Williams,  the  architect  of  the 
reorganization  plan,  will  head  the  new  Directorate.  He  is 
former  President  of  Atlanta  University.  As  head  of  the 
education  directorate,  Bassam  Shakhashiri  was  the  second 
most  V  isible  personality  at  NSF.  He  can’t  be  fired,  but  it 
was  suggested  to  him  that  he  might  want  to  return  to 
Wisconsin.  Despite  this  lame-duck  status,  Bloch  is 
thought  to  be  planning  further  purges. 

(1  Jun  90) 

A  West  German  Court  Has  Dismissed  the  Gordon-and- 
Brcach  Suit  against  the  APS  and  AIP  (WN  9  Mar  90). 
The  suit  charged  that  an  article  comparing  cost 
effectiveness  of  physics  journals  was  in  fact  comparative 
advertising,  which  is  not  permitted  in  Germany. 

(8  Jun  90) 

The  Electric  and  Magnetic  Field  Research  and  Informa¬ 
tion  Act  of  1990  (H.R.4801)  has  been  introduced  by  Rep. 
Frank  Pallone  (D-NJ/.  The  bill  would  authorize  S34M 
over  the  next  five  years  to.  lU  research  health  effects  of  ex¬ 
posure  to  electric  and  magnetic  fields,  i2j  find  ways  to 
reduce  the  exposure,  and  i3i  inform  the  public  about  what 
is  learned.  What  scientist  would  oppose  a  bill  that  calls 
for  additional  research  and  an  informed  public?  Much  of 
what  the  bill  calls  for,  however,  is  already  underway.  Last 
September,  the  National  Cancer  Institute  undertook  a 
four-year  large-scale  epidemiological  study  to  look  for  any 
possible  link  between  electromagnetic  fields  and  acute 
lymphocytic  leukemia.  Manufacturers,  meanwhile,  are 
happily  selling  “low -field”  electric  blankets  and  video  ter¬ 
minals  to  worried  consumers. 

(8  Jun  90) 

Utah  President  Chase  Peterson  Is  Getting  It  from  All 
Sides.  Following  disclosure  that  the  source  of  an 
“anonymous  donation”  of  S5M  to  the  University's  Na¬ 
tional  Cold  Fusion  Institute  was  the  University  of  Utah  it¬ 
self  (WN  1  Jun  90),  the  Academic  Senate  passed  a  resolu¬ 
tion  on  Monday  calling  on  the  Board  of  Regents  to  exam¬ 
ine  whether  “continuation  in  office  of  the  current 
president  is  in  the  best  interest  of  the  University  and  the 
community  it  serves.”  In  other  action,  the  Fusion-Energy 
Advisory  Panel,  which  oversees  the  state’s  S5M  invest¬ 
ment  in  cold  fusion,  met  yesterday  and  called  for  a  finan¬ 
cial  and  Scientific  audit  of  the  program  by  20  Aug.  No  one 
at  the  University  has  ever  had  a  look  at  Pons’s  data.  If 
that  wasn’t  enough,  Peterson  himself  reportedly  received 
one  of  the  legal  threats  from  Pons’s  lawyer  (WN  25  May 
90). 

(8  Jun  90) 

Tritium  Contamination  of  the  Palladium  Used  in 
Cathodes  has  been  identified  as  the  source  of  some  of  the 
persistent  “Elvis  sightings”  that  have  kept  the  spark  of 
hope  alive  in  the  breasts  of  cold  fusion  loyalists.  Kevin 
Wolf,  a  Texas  A&M  physicist  who  has  reported  small 
amounts  of  tritium  in  cold  fusion  cells,  has  traced  the  ori¬ 
gin  to  a  single  supplier  of  palladium.  The  same  palladium 
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was  ubcd  at  Las  Alamos  and  in  the  Chemi5tr>  Department 
at  A&M  b>  John  Buckrib.  The  contaminated  palladium 
docb  not  explain  the  oeeasional  large  tritiam  burstb  report 
ed  b>  Boekrib,  but  the  bouree  of  that  tritium  ib  e.xpected  to 
be  te\ea!ed  boon.  Bt  patient,  the  long  night  of  cold  fubion 
is  almost  at  an  end. 

(15Jun  90) 

Utah  Faculty  Are  Reclaiming  the  University  from  the 
Hucksters.  On  Monday,  President  Chase  Peterson, 
responding  to  a  vote  of  no  confidence  by  the  faculty  sen¬ 
ate,  announced  his  early  retirement.  The  following  day, 
the  Vice  President  for  Academic  Affairs  issued  a  state¬ 
ment  affirming  the  University’s  “absolute  adherence  to  the 
principles  of  academic  freedom  and  free  scientific  in¬ 
quiry,”  and  outlining  the  steps  being  taken  to  resolve  the 
issues  raised  by  the  attempts  of  a  lawyer  to  intimidate 
faculty  into  recanting  findings  that  contradicted  cold 
fusion  claims  (WN  25  May  90).  The  University  has 
severed  all  connection  with  the  lawyer,  a  boyhood  friend 
of  Pons,  and  affirmed  its  obligation  to  defend  its  faculty 
from  legal  attack.  The  University  has  also  agreed  to  a 
financial  audit  of  the  cold  fusion  effort  and  to  a  full 
scientific  review. 

(15Jun  90) 

.4nd  at  Texas  A&M,  the  Word  “Fraud”  Is  Finally  Out  in 
the  Open.  In  an  ar;':le  in  today’s  Sc/c/ict,  stories  that 
have  been  circulating  for  months  were  made  public.  The 
article  stops  just  short  of  pointing  a  finger,  but  a  strong 
circumstantial  case  is  made  that  cold  fusion  cells  in  the 
Chemistry  Department  at  A&M  were  deliberately  spiked 
with  tritium.  The  A&M  administration,  which  has  stead¬ 
fastly  refused  to  investigate,  has  now  responded  by  criti- 
c'./.ing  Scicnci:  for  airing  the  controversy.  With  the  tritium 
reports  impeached,  there  is  not  much  left  of  cold  fusion 
claims  but  a  couple  of  labs  that  can’t  seem  to  get 
calorimetry  straight  But  stay  tuned,  the  tragicomic  story 
of  the  double  blind,  round  robin  helium  assay  of  Pons’s 
cathodes  is  yet  to  come  out.  'Erratum.  Last  week,  What’i 
Neu.  identified  Kevin  Wolf  as  a  physicist.  Wolf  is  a  Fellow 
of  the  APS,  but  he  is  in  chemistry.) 

fllJun  90) 

Sen.  Danforth  (RMO)  Is  .4gain  Leading  the  Fight 
.4gainst  Pork.  Thursday,  the  Senate  Rules  Committee 
held  hearings  on  a  Danforth  rcsolutior.  to  establish  a  point 
of  order  against  earmarking  research  funds  for  designated 
institutions  without  competition.  A  similar  rule  in  the 


Armed  Services  Committee  already  blocks  the  earmarking 
of  Defense  funds.  The  Danforth  resolution  would  expand 
the  anti-earmarking  fight  to  cover  the  entire  Federal 
Government.  Unfortunately,  Sen.  Ford  (D-KY),  who 
chairs  the  Rules  Committee,  opposes  any  restriction  on 
earmarking  on  the  grounds  that  merit  review’  is  an  “old 
boy  network”  that  unfairly  favors  a  few  major  institutions. 
Ford  is  unlikely  to  permit  the  resolution  to  come  up  for  a 
vote.  A  bill  introduced  by  Danforth  with  Sam  Nunn  (D- 
GA)  and  Terry  Sanford  (D-NC)  calls  for  the  Comptroller 
General  to  review  the  effectiveness  and  fairness  of  agency 
policies  and  procedures  for  distributing  Federal  funds,  but 
Ford  is  likely  to  bottle  up  that  as  well.  The  American 
Physical  Society  submitted  a  statement  deploring  the 
funding  of  scientific  projects  that  have  not  been  subjected 
to  the  normal  process  of  proposal  submission  and  expert 
review. 

(22Jun90) 

A  Criminal  Investigator  in  the  NSF  Inspector  General’s 
Office  is  a  sign  of  the  times.  In  fact,  a  year  ago  the  NSF 
didn’t  even  have  an  IG  Office.  The  second  Semiannual 
Report  to  Congress  by  the  IG  concerns  mostly  misuse  of 
funds  and  sloppy  record  keeping  of  a  generally  minor  sort, 
but  now  a  criminal  investigator  with  a  background  in 
“economic  crime”  has  been  hired  who  presumably  will  be 
stalking  bigger  prey.  The  Office  has  begun  a  survey  of 
journal  editors  in  an  attempt  to  ascertain  the  frequency  of 
misconduct  involving  fabrication,  falsification,  and  pla¬ 
giarism  in  reporting  research  results.  The  initial  con- 
i.lusion  is  that  editors  see  very  few  cases  of  misconduct 
and  do  not  keep  very  good  records  of  them  in  any  case. 
The  report  invites  whistle  blowers  to  come  forward. 

(29Jun  90) 

Fang  Lizhi,  the  Dissident  Chinese  Astrophysicist,  Left 
China  this  week  along  with  his  wife,  physicist  Li  Shuxian, 
after  a  year  of  sanctuary  in  the  American  Embassy  in  Bei¬ 
jing.  On  Tuesday,  they  arrived  in  Britain,  where  Fang  will 
assume  a  position  at  Cambridge  University.  Last  month, 
the  American  Physical  Society  joined  with  other  groups  to 
urge  Fang’s  release  (WN  25  May  90).  China  insists  the  de¬ 
cision  to  permit  Fang  to  leave  is  consistent  with  its  policy 
of  leniency  toward  leaders  of  the  democracy  movement, 
but  most  experts  connect  the  action  to  severe  economic 
problems  caused  by  an  end  to  tourism  and  the  drying  up  of 
foreign  loans  since  the  Tiananmen  Square  massacre.  As  if 
to  prove  they  still  know  how  to  deal  with  troublemakers, 
the  National  People’s  Congress  this  week  adopted  a  tough 
law  banning  flag  burning. 


Invitation  to  Name  Candidates  for  Prizes  and  Awards 


The  following  prizes  and  awards  will 
be  bestowed  at  the  General  .Meetings 
of  the  Society  in  1991,  although 
.some  will  be  available  for  bc.stowal  in 


the  I’.l.cr  part  of  1990.  Members  arc 
invited  to  nominate  candidates  to 
the  respective  committees  charged 
with  the  privilege  of  recommending 


the  prize  w  inners,  or,  in  the  case  of 
the  Hcineman  Prize,  selecting  the 
winners.  Addresses  of  the  Prize 
Committee  Chairpersons  to  whom 
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MARCH  MEETING  HOUSING  FORM 

1991  MARCH  MEETING  OF  THE  AMERICAN  PHYSICAL  SOCIETY 

17-21  March  1991 
Cincinnati,  Ohio 

1.  Complete  all  information  requested  and  mail  form  to  APS-91  Housing  Bureau  by  22  February  1991. 

NO  PHONE  reservations  WILL  BE  ACCEPTED. 

2.  .\n  AvknovileJgment  of  your  reservation  assignmc.it  will  be  sent  by  the  Housing  Bureau  within  a  2-week  period. 
Check  the  a.knowledgment  immediately  to  be  sure  all  information  is  correct.  The  acknowledgment  will  be  followed  by 
the  actual  confirmation  from  the  hotel. 

3.  Rooms  are  held  ^nti!  6  p.m.  on  arrival  date  unless  guaranteed  for  late  arnval.  Reservations  may  be  guaranteed  by 
supplying  majoi  ..redit  ^ard  information  on  this  form  or  by  sending  a  one-night  deposit  directly  to  the  hotel  after 
confirmation  is  received  from  the  hotel. 

4.  All  ..hanges  and  cancellations  should  be  made  in  wnting  directly  with  the  Housing  Bureau.  The  pho.ie  number  of  the 
Housing  Bureau  is  513  621  2119.  This  number  should  be  used  only  for  last-minute  changes  or  cancePadons.  Changes 
will  be  on  an  availability  basis  after  the  22  February  1991  cut-off  date. 

5.  Number  ah  hotels  in  order  of  preference.  Room  assignments  are  made  on  first-come,  firsl-scrve  basis. 

6.  In  the  event  that  all  hotels  listed  arc  sold  out,  the  Housing  Bureau  will  secure  hotel  rooms  at  the  ne.st  closest  available 
hotel. 


*  DO  NOT  .MAIL  FORM  TO  AMERICAN  PHYSICAL  SOCIETY  OFFICE  IN  NEW  YORK  ♦ 


HOTELS  &  RATES  (Number  all  hotels  in  order  of  preference.) 


Single 

Double 

Dbl/Dbl 

Triple 

Quad 

1  bed 

I  bed 

2  beds 

2  beds 

2  beds 

1  person 

2  persons 

2  persons 

3  persons 

4  persons 

Hyatt  Regency  (HQ) 

S86.00 

S103.00 

S103.00 

SI  18.00 

5118.00 

Clarion  Hotel 

S80.00 

S98.00 

S98.00 

$1 16.00 

$134.00 

Terrai-i*  Hilton 

S78.00 

S87.00 

S130.00  (Jr.  Suite) 

Westin 

S93.00 

$99.00 

S99.00 

$124.00 

$149.00 

Omni  Nethcrland 

S82.00 

S92.00 

$92.00 

$112.00 

S132.00 

Plaza 

*  Suite  Rates  Available  upon  Request  from  Bureau  * 

Indicate  tvoe  of  roam  reoucsted:  Sinele _ 

Double  Dbl/Dbl  Trinle 

Qiinrf 

Arriv.al  D.ale: 

Timf:: 

Guarantee  late  arrival: 

nrt 

Depnrliire  D.nle- 

Guarantee  to: 

lype  of  miyor  credit  card 

opiralion  dzlc 

cr^it  card  number 


signaiure 


Name  of  Occupants  (Bracket  names  sharing  room) 


Person  to  whom  confirmation  should  be  mailed: 

Name: _ 

Affiliation:  _ 

Address:  _ 

City:  - State: _ Zip-- 

Phone  Number:  (  i _ 

Complete  and  mail  form  to.  APS-91  Housing  Bureau.  300  West  Sixth  Street,  Cincinnati.  OH  45202 
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MARCH  MEETING  PREREGISTRATION  FORM 

MARCH  MELTING  OF  THE  AMERICAN  PHYSICAL  SOCIETY 
18-22  March  1991 
Cincinnati,  OH 


M 


This  form  must  be  received  by  22  February  1991 
Please  print  or  type: 

Name:  _ _ _ _ _ 

APS  Membership  Number: _ 

Affiliation; _ _ 

Address: _ 

City:  _  State:  _ Zip: 

Daytime  Telephone  Number:  _ 

I  am  planning  to  present  a  paper  at  this  meeting.  Yes  No  (Circle  cne) 


Preregistration  Fees:  Circle  One 

ALL  WEEK 

ONE  DAY 

Carcle  One 

Member 

$140.00 

S  70.00 

(M  T  W'  Th  B 

Unemployed  Member 

25.00 

25.00 

Retired  Member 

25.00 

25X30 

Graduate  Student  Member 

25.00 

25.00 

Nonmember 

240.00 

120.00 

(M  T  WTh  B 

APS  Half  Da>  Tutorials  Tleasc  note  that  the  titles  aie  abbreviated.  Fur  additional  infurmatiun,  see  Maieh  Meeting  Announee- 
menl.)  Circle  choices: 


Computational  Adv-ances  (S60) 

Ultrafast  Ph>'sics  (S60) 

Space  Groups  (S60) 

Applications/Liquid  Crystals  (S60) 


Methods  and  Applications  (S60) 

Synchrotron  Radiation  *S60) 

Challenges  in  Electronics  (S60} 

Electronic  Structure  (S60) 


DHPP  Two  Day  Short  Course  "Polymer  Surfawes  and  Interfaces."  iSee  Divisional  Announcement  for  description..  iS250) 


CO.MPANIONS  PROGRAM 

(Please  note.  Touts  may  be  cancelled  at  'he  discretion  of  the  operator.  See  announcement  for  details.) 

_ @$39.00  Highlight  Tour-Riverboal  (3/lS)  _ @$34.00  Kentucky  Horse  Park 

_ @$31.00  Historic  Lebanon,  OH  13/19) 


Payment  can  be  made  via  ..hcck,  njoney  order,  or  t..cdit  card  .American  Eapress,  Visa,  or  MasterCard  ONLY..  Checks  must  be  in 
U.S.  funds  drawr.  on  a  U.S.  bank.  Your  payment  must  accompany  this  form  or  it  will  be  returned  to  vuu. 


wAMERlCA.N  ^.MASTERCARD  3'  ISA  ,  CREDH  CARD  NUMBER  E.\PIRAnON  DATE  j  AUTHORIZED  SIGNATURE  'i 
j  EXPRESS _ j _  ) _ j _ I 

Please  note  that  the  ..orresponding  fees  at  the  registration  desk  on-sric  arc  as  follons.  ALL  WEEK.  Membcr-Sl60,  Non¬ 
member  $240,  Unemployed  or  Retired  Member  $2S,  Graduate  Student  .Hlcmbcr-SlS,  ONE  DAY.  Member-SSO,  Non- 
membet  $!2'J.  Nonmembers  do  not  qualify  fui  a  pictcgisiiaiiun  disuount.  Graduate  student  members  rcgisienng  on-sitc  must 
present  student  ID. 

PREREGISTRAnO.NS  RECLHED  AFTER  THE  22  FEBRUARY  1991  DEADLINE  WILL  NOT  BE  PROCESSED  A.ND 
WILL  BE  RETURNED  TO  THE  LENDER.  PREREOISTR.AnON  FORMS  THAT  ARRIVE  WITHOLT  PAYMENT,  OR 
PAY.ME.Vr  THAT  ARRIVES  WITHOLT  HIE  PREREGISTlUnON  FORM.  ALSO  WILL  BE  RETURNED  TO  THE 
SENDER. 

Send  this  form  and  your  payment  to:  The  American  Physical  Society 

March  Meeting  PrcrcgEiraiion 
333  East  4Sth  Street 
New  Y'ork.  NY  10017 

Hotel  reservations  ate  handled  separately.  WE  ARE  NOT  RESPONSIBLE  I  OR  KOLSINO  FOR.MS  THAI  ARE  SENT  TO 
THIS  OFHCE. 

REfL  NDS  OR  ADJLST.MENTS  WILL  BE  GIVEN  IF  IHEREqLESi  ISSLB.MITTED  IN  WRITING  AND  ARRIVES  IN 
THE  APS  OF f ICE  BV  8  MARCH  1991.  AFTER  THAI  DATE.  THEY  MAY  BEOBTAINEDAI  IFIE  DISCREHON  OF 
THE  APS  EXECUTIVE  SECRETARY. 
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DELTA  AIRLINES  SPECIAL  DISCOUNT  RATES 
FOR  THE  1991  MARCH  MEETING  OF 

THE  AMERICAN  PHYSICAL  SOCIETY 
18-22  MARCH  1991 
CINCINNATI,  OH 


Account  Number  -  H0441 

Delta  Airlines  is  offering  the  attendees  to  the  1991  March  Meeting  of  The  American  Physical 
Society  SPECIAL  DISCOUNT  RATES  to  attend  the  upcoming  meeting  in  Cincinnati,  OH. 
These  rates  are  available  through  Delta  Airlines  as  the  official  airline  for  the  1991  March  Meet¬ 
ing.  They  are  offering  the  following  discounts  to  our  attendees: 

40%  Off  Regular  Coach  Fare 
5%  Off  Any  Restricted  Fare 

To  get  these  discounts,  you  need  to  use  the  following  account  number  when  booking  your 
flight: 


H0441 

These  rates  are  subject  to  the  advance  purchase  requirements  of  Delta  Airlines,  so  book  your 
flight  soon.  These  rates  also  are  subject  to  the  following  re.strictions: 

—No  Stayovers  between  *he  meeting  site  and  your  destination,  or  departure  city. 

— These  offers  are  good  only  for  travel  to  and  from  the  March  Meeting,  from  14  March 
1991  to  25  March  1991. 

— These  offers  are.good  only  for  travel  within  the  continental  United  States. 

Please  call  this  toll-free  number  1-800-241-6760  between  8:00  A.M.  and  8:00  P.M.  Eastern 
Time. 

Don’t  forget— you  must  use  the  account  number  (H0441)  to  procure  these  special  discounts. 
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nominations  should  be  sent  are  given 
below. 

AWARDS 

1991  SHOCK  COMPRESSION 
SCIENCE  AWARD 


compression. 

Nature:  This  award,  to  be  presented 
biennially,  consists  of  a  plaque  citing 
the  accomplishments  of  the  reci¬ 
pient,  an  allowance  for  travel  to  the 
meeting  at  which  it  is  given,  and  a 
cash  award  of  $2000. 


Sponsored  by  Friends  of  the  Topical 
Group  on  Shock  Compression  of 
Condensed  Matter  Physics. 

Purpose.  To  recognize  contributions 
to  understanding  condensed  matter 
and  nonlinear  physics  through  shock 


Establishment  and  Support.  The 
award  was  established  in  1987  by  the 
Friends  of  the  Topical  Group  on 
Shock  Compression  of  Condensed 
Matter  Physics. 


Rules  and  Eligibility:  All  members 
of  the  scientific  community  are  eligi¬ 
ble  for  nomination.  A  single  award 
normally  will  be  given  to  no  more 
than  one  individual  and  will  be 
presented  at  the  biennial  Topical 
Conference. 

Send  name  of  proposed  candidate 
and  supporting  information  to  Mal- 
com  F.  Nicol,  Department  of  Chem¬ 
istry  and  Biochemistry,  University 
of  California,  Los  Angeles,  Califor¬ 
nia  90024-1569,  to  arrive  before  1 
February  1991. 


Recipients  of  Prizes  and  Awards 
of  the  American  Physical  Society 


1990  AWARD  FOR  EXCELLENCE 
IN  PLASMA  RESEARCH 

Dr.  E.  Michael  Campbell  of 
Lawrence  Livermore  National  Labo¬ 
ratory,  Dr.  Peter  L.  Hagelstein  of 
Massachusetts  Institute  of  Technolo¬ 
gy,  Dr.  Dennis  L.  Matthews  of 
Lawrence  Livermore  National  Labo¬ 
ratory,  Dr.  Mordecai  D.  Rosen  of 
Lawrence  Livermore  National  Labo¬ 
ratory,  and  Dr.  Szymon  Suckewer  of 
Princeton  University  have  been 
named  the  recipiento  of  the  1990 
Award  for  Excellence  in  Plasma 
Research.  The  award  will  be 
presented  at  the  annual  meeting  of 
The  America  Physical  Society’s 
Division  of  Plasma  Physics,  12-16 
November  1990,  in  Cincinnati,  Ohio. 
The  citation  reads,  “For  the  first  lab¬ 
oratory  demonstration  of  a  soft  X- 
Ray  Laser,  achieved  through 
pioneering  laser  target  design. 


theoretical  modeling  of  the  states  of 
highly  ionized  atoms  in  laser- 
produced  plasmas,  and  novel,  spec¬ 
troscopic  diagnostics  of  such  plas¬ 
mas.” 


1990  JAMES  CLERK  MAXWELL 
PRIZE  IN  PLASMA  PHYSICS 

Dr.  William  L.  Kruer  of  Lawrence 
Livermore  National  Laboratory  has 
been  awarded  the  1990  James  Clerk 
Maxwell  Prize  in  Plasma  Physics. 
The  prize  will  be  bestowed  at  the  an¬ 
nual  meeting  of  The  American  Phys¬ 
ical  Society’s  Division  of  Plasma 
Physics,  12-16  November  1990,  in 
Cincinnati,  Ohio.  The  citation 
reads,  “For  outstanding  and  seminal 
contributions  to  the  theoretical  and 
experimental  understanding  of  the 
interaction  of  intense  electromagnet¬ 
ic  waves  with  plasmas  and  for 


numerous  contributions  to  the  un¬ 
derstanding  of  basic  plasma  phe¬ 
nomena  via  numerical  simulation.” 


THE  1990  SIMON  RAMO  AWARD 

Dr.  Margaret  Murnane  has  been 
named  recipient  of  the  1990  Simon 
Ramo  Award  for  Outstanding  Doc¬ 
toral  Thesis  Research  in  Plasma 
Physics,  sponsored  by  TRW  and  the 
American  Physical  Society’s 
Division  of  Plasma  Physics.  The 
award  will  be  presented  at  the 
Division  of  Plasma  Physics  annual 
meeting,  12-16  November  1990,  in 
Cincinnati,  Ohio.  The  citation 
reads,  “For  all  aspects  of  a  bench¬ 
mark  experiment  opening  up  the 
new  field  of  high-density,  high- 
temperature  plasmas  created  by  ul¬ 
trashort  laser  pulses.” 


Announcements  of  General  Meetings 


1991  MARCH  MEETING  OF  THE 
AMERICAN  PHYSICAL  SOCIETY 
18-22  March  1991 
Cincinnati,  Ohio 

The  1991  March  Meeting  of  The 
American  Physical  Society  will  be 


held  in  Cincinnati,  OH,  18-22 
March  1991.  The  Hyatt  Regency 
Cincinnati  Hotel  has  been  designat¬ 
ed  the  headquarters  hotel,  although 
most  of  the  technical  sessions  will  be 
held  just  across  the  street  in  the  Cin¬ 
cinnati  Convention  Center.  Sleeping 


rooms  will  be  provided  by  the  Hyatt 
Regency,  the  Clarion  Hotel,  the  Ter¬ 
race  Hilton  Hotel,  the  Westin  Hotel, 
and  the  Omni  Netherland  Plaza 
Hotel.  The  housing  form  is  on  page 
1598.  The  deadline  for  housing  and 
preregistration  is  22  February  1991. 
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HOTEL  RESERVATIONS  FORM 


THIRTY-SECOND  ANNUAL  MEETING 
AMERICAN  PHYSICAL  SOCIETY-DIVISION  OF  PLASMA  PHYSICS 
12-16  November  1990;  Clnclnnat4  OH  » 


1.  Complete  all  information  requested  and  mail  form  to  APS  Housing  Bureau  by  October  19. 

NO  PHONE  RESERVATIONS  WILL  BE  ACCEPTED. 

2.  An  Acknowledgement  of  your  reservation  assignment  will  be  sent  by  the  Housing  Bureau  within  a  2  week 
period.  Check  the  acknowledgement  inunediately  to  be  sure  all  information  is  correct.  The  acknowlegement  will 
be  followed  by  the  actual  confirmation  from  the  hotel. 

3.  Rooms  are  held  until  6  p.m.  on  arrival  date  unless  guaranteed  for  late  arrival.  Reservations  may  be  guaranteed 
by  supplying  major  credit  card  information  on  this  form  or  by  sending  a  one  nights  deposit  directly  to  die 
hotel  after  confirmation  is  received  from  the  hotel. 

4.  All  changes  and  cancellations  should  be  made  directly  with  the  Housing  Bureau  in  writing.  The  phone  number 
for  the  Housing  Bureau  is  513/621-2119.  This  number  should  be  used  only  for  last  minute  changes  or  cancels. 

5.  Number  ah  hotels  in  numerical  order  of  preference.  Room  assignments  are  made  on  first-come,  first  serve  basis. 

6.  In  the  event  that  all  hotels  listed  are  sold  out,  the  Housing  Bureau  will  secure  hotel  rooms  at  the  next  closest 
available  hotel. 

•  DO  NOT  MAIL  FORM  TO  AMERICAN  PHYSICAL  SOCIETY  OFFICE  IN  NEW  YORK  » 


HOTEL  &  RATES  (Number  all  hotels  in  order  of  preference.) 


Single 

Double 

Dbl/Dbl 

Triple 

Quad 

1  bed 

1  bed 

2  beds 

2  beds 

2  beds 

I  person 

2  persons 

2  persons 

3  persons 

4  persons 

■HYATT  REGENCY  (HQ)  $86.00 

$99.00 

$99.00 

$114.00 

$129.00 

.CLARION  HOTEL  $72.00 

$86.00 

$86.00 

$101.00 

$116.00 

TERRACE  HILTON  $76.00 

$85.00 

$130.00  (JR.  SUITE) 

•  SUITE  RATES  AVAILABLE  UPON  REQUEST  FROM  BUREAU  * 
Indicate  type  of  room  requested; 

Single _ Double  Dbl/Dbl _ Triple _ Quad _ 

ARRIVAL  DATE _ TIME _ Guarantee  late  arrival:  yes - no - 

DEPARTURE  DATE _  Guarantee  to: _ 

type  of  major  credit  card 

credit  card  number  expiration  date 

NAME  OF  OCCUPANTS  (Bracket  iwmes  sharing  room) 


Person  to  whom  confirmation  should  be  mailed: 

Name - 

Company  _ 

( 

Address  _ 

City _ State _ Zip 

Phone  Number  (  ) 


Complete  &  Mail  Form  to: 


APS  Housing  Bureau 
300  West  Sixth  Street 
Cincinnati,  OH  45202 
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PREREGISTRATION  FORM 


P 


Thirty-Second  Annual  Meeting 
American  Physical  Society — Division  of  Plasma  Physics 
12-16  November  1990 
Cincinnati,  Ohio 


This  form  must  be  received  by  19  October  1990. 

Please  print  or  type: 

Name:  _ 

Affiliation:  _ 

Address:  _ 

City:  _ State:  _ Zip:  _ Country: 


Preregistration  Fees  (Circle  One): 

United  States  Participants  Overseas  Participants  (Pay  On-Site) 


Member 

$  80.00 

Member 

$  80.00 

Nonmember 

$120.00 

Nonmeinber 

$120.00 

RetiredAJnemployed  Member 

S  20.00 

Retired/Unemployed  Member 

S  20.00 

Graduate  Student  Member 

S  20.00 

Graduate  Student  Member 

$  20.00 

(#  of)  Banquet  Tickets  @ 

$  20.00 

(#  oO  Banquet  Tickets  @ 

S  20.00 

iNote.  Overseas  preregistration  fees  are  honored  only  if  we  have  received  the  form  prior  to  the  19  October  1990  deadline.) 

TOURS 

tNote.  Tours  must  be  paid  for  to  be  reserved.  This  includes  overseas  participants.  Tours  may  be  cancelled  at  the  discretion  of 
the  operator.) 


Cincinnati  Historical  Tour 

(11/12) 

$33.00  _ 

_  #  of  Tickets 

Shakertown  Tour 

(11/13) 

S40.00  _ 

_  #  of  Tickets 

Washington/Kentucky 

(11/14) 

$30.00  _ 

_ #  of  Tickets 

□  AMERICANO  MASTERCARDO  VISAl 
EXPRESS  1 

CREDIT  CARD  NUMBER 

EXPIRATION  DATE 

I  AUTHORIZED  SIGNATURE 

Payment  can  be  made  via  check,  money  order,  or  credit  card  (American  Express,  Visa,  or  MasterCard  ONLY).  Checks  must  be 
in  U.S.  funds  drawn  on  a  U.S.  bank.  Your  payment  must  accompany  this  form  or  it  will  be  returned  to  you. 

Please  note  that  the  corresponding  fees  at  the  registration  desk  on  site  are  as  follows.  Member,  SlOO,  Nonmember,  S150,  Unem¬ 
ployed  or  Retired  Member,  $20;  Graduate  Student  Member,  $20.  Graduate  Student  Members  registering  on-site  must  present 
student  ID. 

PREREGISTRATIONS  RECEIVED  AFTER  THE  19  OCTOBER  1990  DEADLINE  WILL  NOT  BE  PROCESSED,  AND 
WILL  BE  RETURNED  TO  THE  SENDER.  PREREGISTRATION  FORMS  THAT  ARRIVE  WITHOUT  PAYMENT,  OR 
PAYMENT  THAT  ARRIVES  WITHOUT  THE  PREREGISTRATION  FORM,  WILL  ALSO  BE  RETURNED  TO  THE 
SENDER. 


Send  this  form  and  your  payment  to:  The  American  Physical  Society 

DPP ’90  Meeting  Preregistration 
335  East  45th  Street 
New  York,  NY  10017 

REFUNDS  OR  ADJUSTMENTS  WILL  BE  GIVEN  IF  THE  REQUEST  IS  SUBMITTED  IN  WRITING,  AND  ARRIVES  IN 
THE  APS  OFFICE  BY  2  NOVEMBER  1990.  AFT  ER  THAT  DATE,  THEY  MAY  BE  OBTAINED  AT  THE  DISCRETION 
OF  THE  DIVISION  OF  PLASMA  PHYSICS  SECRETARY/TREASURER. 
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DELtA  AIRLINES  SPECIAL  DISCOUNT  RATES 
FOR  THE  THIRTY-SECOND  ANNUAL  MEETING 
OF  THE  AMERICAN  PHYSICAL  SOCIETY’S 

DIVISION  OF  PLASMA  PHYSICS 
12-16  NOVEMBER  1990 
CINCINNATI,  OH 


Account  Number  -  U0039 

Delta  Airlines  is  offering  the  attendees  to  The  American  Physical  Society’s  Division  of  Plasma 
Physics  (DPP)  Meeting  SPECIAL  DISCOUNT  RATES  to  attend  the  upcoming  meeting  in  Cin¬ 
cinnati,  OH,  These  rates  are  available  through  Delta  Airlines  as  the  official  airline  for  the 
Thirty-Second  Annual  DPP  Meeting.  They  are  offering  the  following  discounts  to  our  atten¬ 
dees: 


40%  Off  Regular  Coach  Fare 
5%  Off  Any  Restricted  Fare 

To  get  these  discounts,  you  need  to  use  the  following  account  number  when  booking  your 
flight: . 


U0039 

These  rates  are  subject  to  the  advance  purchase  requirements  of  Delta  Airlines,  so  book  your 
flight  soon.  These  rates  also  are  subject  to  the  following  restrictions: 

— No  Stayovers  between  the  meeting  site  and  your  destination,  or  departure  city. 

—These  offers  are  good  only  for  travel  to  and  from  the  DPP  Meeting,  from  8  November 
1 990  to  1 9  November  1 990. 

—These  offers  are  good  only  for  travel  within  the  continental  United  States. 

Please  call  this  toll-free  number  1-800-241-6760  between  8:00  A.M.  and  8:00  P.M.  Eastern 
Time. 


Don’t  forget— you  must  use  the  account  number  (U0039)  to  procure  these  special  discounts, 
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SATELLITE  MEETING  ROOM  RESERVATION  FQRM 

AMERICAN  PHYSICAL  SOCIETY— DIVISION  OF  PLASMA  PHYSICS  ANNUAL  MEETING 
12-16  NOVEMBER  1990— CINCINNATI  CONVENTION  CENTER,  CINCINNATI,  OHIO 

Please  fill  out  this  form  completely,  and  return  no  later  than  19  October. 

Name:  _ _ _ 

Affiliation: _ 

Address:  _ 

City:  _ State: _ Zip:  _ 

Daytime  Phone  Number: _ _ 


Name  of  Meetina: 

Meeting  Date: 

Start  Time-  F.nd  Time- 

4 

Room  Setup:  (Theater,  eonfereneel 

Attendance: 

Food  Service*?! 

Audio  Visual  Required?: 

Name  and  Address  for  billing  purposes  {only  if  different  from  information  atop  this  page): 

Name:  _ 

Address: _ 

Please  return  this  form  to: 

Mr.  Michael  Scanlan 
APS-DPP  ’90 
335  East  45th  Street 
New  York,  NY  10017 


Vol.  35,  No.  8  (1990) 


1605 


The  deadline  for  the  submission  of 
contributed  abstracts  for  the  regular 
program  is  30  November  1990.  All 
abstracts  should  be  sent  to  Dr.  W. 
W.  Havens,  Jr.,  The  American  Phys¬ 
ical  Society,  335  East  45th  Street, 
New  York,  NY  10017.  Abstracts 
must  be  submitted  in  triplicate,  and 
must  arrive  in  this  office  before  17:00 
on  30  November  1990  for  inclusion 
in  the  program.  As  always,  the 
abstracts  must  conform  to  the  rules 
and  guidelines  for  the  submission  of 
abstracts  as  published  in  the  Bulletin 
(see  page  1 629). 

Only  APS  members  may  submit 
abstracts  of  papers  to  APS  meetings. 
This  year,  for  the  first  time,  the  APS 
membership  number  is  requested  on 
the  abstract,  for  statistical  purposes 
only.  The  APS  membership  number 
is  on  the  top  line  of  the  mailing  label 
on  every  member’s  Physics  Today 
and  Bulletin  of  The  American  Physi¬ 
cal  Society,  and  all  other  mailings, 
including  the  dues  bill. 

Division  of  High  Polymer  Physics 

The  Division  of  High  Polymer  Phys¬ 
ics  will  be  meeting  in  conjunction 
with  the  General  Meeting  again  this 
year.  Their  announcement  appears 
on  page  1611  of  the  Bulletin.  They 
will  also  be  sponsoring  a  two-day 
short  course,  entitled  “Polymer  Sur¬ 
faces  and  Interfaces.’’  A  tentative 
syllabus  can  be  found  on  page  1611. 

Tutorials 

Once  again,  half-day  tutorials  are  be¬ 
ing  offered  at  the  March  Meeting. 
They  are  scheduled  on  the  morning 
and  afternoon  of  Sunday,  17  March. 


A  list  of  subjects  and  lecturers  fol¬ 
lows.  The  cost  of  the  tutorials  in¬ 
cludes  a  continental  breakfast  and 
coffee,  or  an  afternoon  snack  and 
coffee.  Tutorial  times  and  locations 
will  be  published  in  subsequent  an¬ 
nouncements. 

Computational  Advances  in  Con¬ 
densed  Matter  Physics.  John  Joan- 
nopoulos,  MIT. 

Ultrafast  Physics  of  Semiconduc¬ 
tors.  Daniel  S.  Chetma,  AT&T  Bell 
Laboratories. 

Methods  and  Applications  of 
Nanofabrication.  Harold  G.  Craig¬ 
head,  Cornell  University. 

Synchrotron  Radiation  in  the  1990s: 
Resonant  Scattering  Time  Resolved 
Studies  and  Imaging.  Denis  B. 
McWhan,  Brookhaven  National  Lab¬ 
oratory. 

A  Practical  Guide  to  Space  Groups 
for  Solid  State  Scientists.  Gerald 
Burns,  IBM  Thomas  J.  Watson 
Research  Center. 

Limits  and  Challenges  in  Electron¬ 
ics.  R.  W.  Keyes,  IBM  Thomas  J 
Watson  Research  Center. 

Science  and  Applications  of  Polymer 
Dispersed  Liquid  Crystals.  J.  W. 
Doane,  Kent  State  University. 

Electronic  Structure  in  Transition 
Metal  Oxides.  John  B.  Goodenough, 
University  of  Texas. 

Program  Notes 

In  addition  to  the  Ceremonial  and 
Prize  Winners  sessions,  a  total  of  76 
symposia  are  being  arranged.  Listed 
below  are  the  number  of  invite  ^  ses¬ 
sions  organized  by  the  individual 
Divisions,  Topical  Groups,  Commit¬ 


tees,  and  Forum: 


Condensed  Matter  Physics  40 

Applications  of  Physics  10 

Chemical  Physics  7 

Instrument  &  Measurement 
Science  4 

Biological  Physics  4 

Material  Physics  2 

Laser  Science  2 

Fluid  Dynamics  2 

International  Physics 
Group  1 

Forum  3 

Committee  on  Education  1 


Air  Travel  to  the  Meeting 

The  official  airline  carrier  for  the 
March  Meeting  is  Delta  Airlines. 
They  are  offering  attendees  a  40% 
discount  on  coach  fares  and  a  5% 
discount  on  restricted  fares.  For 
more  information,  see  the  announce¬ 
ment  on  page  1600. 

Exhibit  &  Placement  Center 

The  American  Institute  of  Physics 
will  sponsor  an  Exhibit  Show  and 
Placement  Center  at  the  meeting. 
The  Exhibit  will  run  from  Tuesday, 
19  March  1991  to  Thursday,  21 
March  1991.  For  more  information 
concerning  the  exhibit,  please  con¬ 
tact  Mr.  Ed  Greeley,  AIP,  Advertis¬ 
ing  Division,  335  East  45tli  Street, 
New  York,  NY  10017  (212-661- 
9404).  The  Placement  Center,  where 
interviews  are  arranged  between 
prospective  employees  and  em¬ 
ployers,  will  be  open  Monda- 
through  Thursday.  Further  infor¬ 
mation  can  be  obtained  from  Beverly 
Citrynell,  Placement  Center,  AIP, 
.  -Sth  Street,  New  York,  NY 

017(212-661-9404). 


Announcements  of  Divisional  Meetings 


THIRTY-SECOND  ANNUAL 
MEETING  OF  THE  DIVISION 
OF  PLASMA  PHYSICS 
Cincinnati,  Ohio 
12-16  November  1990 


The  scientific  program  will  be  divid¬ 
ed  into  nine  half-days  of  review,  in 


vited,  and  contributed  papers.  Re¬ 
view  papers  v/ill  be  given  in  a  daily 
plenary  session.  Invited  papers  will 
be  given  each  morning  and  afternoon 
at  the  same  time  as  the  contributed 
papers. 

Conference  preregistration  .vill  offer 


a  substantial  discount  if  received  be¬ 
fore  19  October  1990. 


Accommodations  will  be  at  the  Hy¬ 
att  Regency,  Clarion,  and  Terrace 
Hilton.  The  Hyatt  Regency  is  the 
headquarters  hotel  for  this  meeting. 
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Deadline  for  discounted  rates  is  19 
October  1990. 

Program  Committee 

Noah  Hershkowitz, 

Chairman  (U.  Wisconsin) 

(608)  263-4970,  fax.  262-6707 
William  Barletta  (UCLA) 

(213)  206-4541 
Abraham  Bers  (MIT) 

(617)  253-4195 

Tom  Chang  (MIT) 

(617)  253-7523 
Nathanial  Fisch  (PPPL) 

(609)  243-2643 
Thomas  Jarboe  (U.  Wash.) 

(206)  534-4333 

Glenn  Joyct,  (NRL) 

(202)  767-6785 

Michael  Manuel  (Columbia  U.) 

(212)  854-4455 
George  Morales  (UCLA) 

(213)  825-4318 
Christof  Ritz  (U.  Texas) 

(512)  471-3675 
Paul  Terry  (U.  Wisconsin) 

(608)  263-0487 
Wolf  Seka  (U.  Rochester) 

(716)  275-3815 

Uen.y  Straus  (NYU) 

(212)  998-3268 
Mary  Ann  Sweeney  (Sandia) 

(505)  844-6354 

Local  Arrangements 

Ronald  Gilgenbach  (U.  Michigan) 
(313)  763-1261;  fax:  763-4540 
APS  Meetings  Department 

Michael  Scanlan  (212)  682-7341 

Late  abstracts  will  not  be  accepted 
because  of  the  deadline  for  printing 
the  Bulletin.  Abstracts  must  be 
prepared  in  strict  compliance  with 
the  rules  of  the  American  Physical 
Society,  as  published  in  the  APS  Bul¬ 
letin.  Please  review  these  guidelines 
carefully  before  submitting  the 
abstract.  The  first  author  is  expected 
to  present  the  paper  and  each  contri¬ 
butor  can  be  a  first  author  only  once; 
additional  papers  with  the  same  first 
author  will  be  assigned  to  the  supple¬ 
mentary  program.  For  uniformity, 
please  use  12-piti..h  type  in  the  Pres¬ 
tige  Elite  typeface  if  possible.  Spac¬ 
ing  and  capitalization  should  con¬ 
form  to  the  Bulletin  instructions  and 


the  follow  ing  information  should  ap¬ 
pear  on  the  same  page  as  the 
abstract:  (a)  Subject  hebding(s);  (b) 
preference  for  oral  or  pister  session; 
(c)  Special  requests  for  placement  of 
abstracts  (e.g.,  relative  to  other 
abstracts)  (no  guarantee  can  be  made 
on  placement  requests),  (d)  requests 
for  special  audio-visual  equipment 
(see  belowj;  and  (e)  signature  of  an 
author  who  is  an  APS  member  ,■  if 
no  author  is  a  member,  the  si,  o.o. 
of  a  member  sponsoring  tl-  '  r. ...  % 
submission. 

Registration 

Preregistration  will  offer  sub.'te-  i; ' 
savings  if  the  forms  on  pages  .  ' 
and  1 602  are  received  by  thi  • .  '  , 
before  19  October  1990  Form.'  re¬ 
ceived  after  the  deadline  will  be.  re¬ 
turned. 


Fee  Schedule 
Preregistration 

APS  Members  S80.00 

Nonmembers  S  120.00 

Students  and  Retirees  S20.00 

Overseas  Members  S80.00 

Overseas  Nonmembers  SI 20.00 

On-site  Registration 
APS  Members  S  100.00 

Nonmembers  SI  50.00 

Students  a:.<(i  Retirees  S20.00 

Overseas  M  moers  S80.00 

Overseas  Nonmembers  SI 20.00 


Satellite  Meeting  Rooms 

Reservations  for  Satellite  Meeting 
Rooms  must  be  received  by  the 
deadline  of  5  October  1990  by  Mr. 
Michael  Scanlan,  American  Physical 
Society,  335  East  45th  Street,  New 
York,  NY  10017;  telephone:  (212) 
682-7341.  Specify  desired  date,  time, 
number  of  attendees,  desired  food 
service,  and  method  of  payment. 

Special  Audio-Visual  Equipment 

Requests  for  audio-visual  equip¬ 
ment,  other  than  overheac  projec¬ 
tors  and  35-mm  .slide  projectors,  as 
well  as ‘any  audio-visual  requests  for 
poster  sessions  or  meetings  must  be 
received  ir.  writing  by  Michael  Ct-coi- 
lan  befoi  .  ihe  deadline  of  19  October 
1990. 


Banquet 

The  conference  banquet  will  be  held 
on  Wednesday  evening,  14  No¬ 
vember.  Heavily  subsidized  tickets 
can  be  purchased  for  S20  by  prere¬ 
gistration  or  at  registration  on  a 
space-available  basis.  The  Division 
reserves  the  right  to  limit  the  num¬ 
ber  of  subsidized  tickets  and  all  sales 
are  nonrefundable.  Tickets  must  be 
presented  for  admission  at  the  door 
to  the  banquet  room.  A  no-host 
cocktail  reception  will  precede  the 
banquet.  The  banquet  program  will 
include  presentation  of  the  Maxwell 
Prize,  the  Excellence  in  Plasma 
Physics  Award,  the  Simon  Ramo 
Award,  and  the  recognition  of  new 
feiiovvs.  The  guest  speaker  will  be 
announced  in  the  Bulletin. 

Accommodations 

Accommodations  will  be  at  the  Hy¬ 
att  Regency  (headquarters).  Clarion, 
and  Terrace  Hilton.  All  hotels  are 
xvithin  a  short  walking  distance  (via 
skyways)  from  the  Cincinnati  Con¬ 
vention  Center.  Room  rates  have 
been  discounted  aod  are  given  in  the 
reservation  form.  In  order  to  obtain 
these  spC'  ia!  rates,  the  hotel  reserva¬ 
tion  form  01.  page  1602  must  be  re¬ 
ceived  by  19  October  1990. 


Hotel 

Single 

Double 

Hyatt  Regency 

SJ2 

$99 

Clarion 

S72 

$86 

Terrace  Hilton 

$76 

$85 

The  Hyatt  Regency  and  the  Clarion 
aic  both  locat.-^d  across  the  street 
from  the  conference  center.  The 
Terrace  Hilton  is  located  two  blocks 
from  the  conference  center.  A  large 
number  of  restaurants  are  located 
within  several  blocks  of  the  confer¬ 
ence  center;  lists  will  be  provided  at 
registration. 

Transportation 

The  Greater  Cincimiati  Internation¬ 
al  Airport  is  located  about  12  miles 
from  the  hotel  and  conference 
center.  Discounted  airfare  is  avail¬ 
able  (see  page  1604).  Taxi  and  coach 
service  are  available  for  tiie  15- 
minute  trip  to  the  hotel.  Parking  is 
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ACCOMMODATION  INFORMATION 
43rd  Annual  Meeting,  Division  of  Fluid  Dynamics 
Cornell  University 
Ithaca,  New  York 
18-20  November  1990 


1 .  STATLER  INN 

The  East  Avenue,  Ithaca,  NY  14853 
The  meeting  will  be  held  at  the  Statler. 

Free  Airport  transportation. 

2 .  RAMADA  INN/DIVi 

Lll  S.  Cayuga  St.,  Ithaca  14850 
Free  airport  transportation 

3.  BEST  WESTERN  UNIVERSITY  INN 
East  Hill  Plaza 

Free  airport  transportation 

4.  COLLEGETOW^  MOTOR  LODGE 
312  College  Avenue 

5.  SHERATON  INN 
One  Sheraton  Drive 
Free  airport  transportation 

6.  HOWARD  JOHNSON  LODGE 
2300  N.  Triphammer  Rd. 

7 .  HOLIDAY  INN 
2310  N.  Triphammer  Rd. 

Free  airport  transportation 

8.  ECONO  LODGE 
2303  N.  Triphammer  Rd. 

9.  SUPER  8  MOTEL 
400  S.  Meadow  St. 

10.  MEADOW  COURT  MOTEL 
529  S.  Meadow  St. 

11.  JOURNEY'S  END 
356  Elmira  Rd. 

12.  OWEGO  TREADWAY 
RT.  17C,  Owcgo,  NY  13827 


1-800-541-2501  or  607-254-2602 
Single/Double:  S95.00  -  $108.00 


1-607-272-1000 
Single/Double:  S55.00-$85.00 

1-607-272-6100 
Singlc/Doublc:  $50.00 

1-800-666-7666  or  607-273-3542 
Single/Double:  $59.00-Sg  3.00 
1-607.257-2000 
Single/Double:  $66.00 

1-607-257-1212 
Single/Double:  $50.00-S60.00 
1-607-257-3100 
Single/Double:  $60.00-365.00 

1-607-257-1400 
Single/Double:  S38.00-S48.00 
1-607-273-8088 
SingIc/Double:  $36.88-342.88 
1-607-273-3885 
Single/Doubie:  S50.00-$55.00 
1-607-272-0100 
Single/Double:  $47.88-58.88 
1-607-687-4500 
Single/Double:  $50.00-  $55.00 


All  rates  arc  subject  to  a  10%  ia.x.  A  Bed  &  Breakfast  list  is  available  from  the  Meeting  Secretary. 


For  the  convenience  of  conference  participants, 
blocks  of  rooms  have  reserved  and  special  rates 
arranged  at  nearby  hiiels  and  motels.  Hotel 
accommodations  arc  nr.,  included  in  the  conference 
fee  and  are  the  rcspon'^ibility  of  the  individual 
attendee.  It  is  necessary  to  indicate  that  you 
are  attending  the  American  Physical 
Society's  Meeting  when  making  reser¬ 
vations.  Early  booking  is  advised  since  most 
hotels  will  release  any  unsold  rooms  on  October  17, 
1990. 

Taxi  fare  from  the  Ithaca  Airport  to  the  hotels  is 
approximately  $6.  Transportation  between  hotels 
and  meeting  site  will  be  provided  during  meeting 
hours  Parking  is  available  on  Campus  on  Sunday. 
fa:J  visiloio  parking  (S6/day)  should  be  available  on 
Monday  and  Tuesday. 
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REGISTRATION  FORM 


43rd  Annual  Meeting,  Division  of  Fluid  Dynamics 
18-20  November  1990 
Cornell  University 
Ithaca,  New  York 


^dvance  registration  is  encouraged.  Accordingly,  a  reduced  registration  fee  of  $100  for  APS  members,  $140  foi 
non  members  and  $65  for  students  will  be  charged  if  preregistration  is  received  on  or  before  30  September 
1990.  The  regular  registration  fees  are  $130,  $190  and  $85,  respectively. 

Hotel  accommodations  and  meals  are  not  covered  by  the  registration  fee.  Refreshment  service  will  be  provided 
during  the  meetings. 

Check  or  money  order  (in  US  Dollars)  made  out  to:  CORNELL  UNIVERSITY  should  be  mailed  with 
registration  form  to: 

APS/DFD 
P.  0.  Box  No.  637 
Ithaca,  NY  14851 

Registration  and  reservations  should  be  sent  in  as  soon  as  possible. 

cut  here  mail  below 


REGISTRATION  FORM  -  43  Ann.  Meeting,  Division  of  Fluid  Dynamics,  American  Physical  Society 

Name:  _ _  Date _ 

Affiliation: _ _ _ 

Title: _ _ _  Pbnne:  (  ) _ 

Address: _ 


I  would  like  to  register  for  the  43rd  Annual  DFD  Conference  to  be  held  1 8-20  November  1990.  I  enclose. 


Prerecistration 

On  or  before 

30  September 

After 

Registration  Fee  (Members) 

□ 

$100 

□ 

$130 

Registration  Fee  (Non-Members) 

□ 

$140 

□ 

$190 

Registration  Fee  (Students) 

□ 

$65 

□ 

$85 

Conference  Banquet  (Monday  evening) 

□ 

$35 

Total  Amount  Enclosed:  $. 
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available  for  $8/day  in  private  struc¬ 
tures  adjacent  to  the  Hyatt. 

Guest  Tours 

Information  is  provided  on  the 
preregistration  form  (page  1603J. 

Plasma  Fusion  Show 

Commerical  exhibits  will  be  on 
display  in  ihe  Conference  Center 
from  Tuesday,  13  November, 
through  Thursday,  15  November. 

FORTY-THIRD  ANNUAL 
MEETING  OF  THE  DIVISION 
OF  FLUID  DYNAMICS 
Ithaca,  New  York 
18-20  November  1990 


First  Announcement  and  Call  for  Papers 

The  Forty-Third  Annual  Meeting  of 
the  Division  of  Fluid  Dynamics  will 
be  hosted  by  Cornell  University. 
The  organizing,  program,  and  ar¬ 
rangements  committees  consist  of 
Professors  D.  A.  Caughey,  P.  T. 
DeBoer,  S.  Jones,  D.  L.  Koch,  S. 
Leibovich,  J.  L.  Lumley  (Chair),  F. 
K.  Moore,  M.  S.  Nelkin,  W.  L.  01- 
bricht,  S.  B.  Pope,  E.  L.  Resler,  Jr., 
R.  N.  Sudan,  S.  F.  Shen,  Z.  Warhaft, 
and  C.  H.  K.  Williamson. 

The  meeting  will  be  headquartered 
and  all  scientific  sessions  held  in  the 
Statler  Hotel  on  the  Cornell  campus. 
Alternate  hotels  are  identified  in  the 
accommodation  information  form. 
Shuttle  buses  will  run  between  these 
hotels  and  the  campus  during  the 
meeting.  Please  note  that  the  meet¬ 
ing  will  begin  Sunday  morning  and 
end  Tuesday  evening.  A  conference 
dinner  is  planned  for  Monday  even¬ 
ing  on  the  Cornell  campus. 

The  scientific  program  will  consist  of 
invited  lectures  and  contributed  pa¬ 
pers.  On  Sunday  afternoon,  the 
ONR  Prize  will  be  received  by  Pro¬ 
fessor  John  L.  Lumley  of  Cornell, 
the  1990  Otto  Laporte  Memorial 
Lecture  will  be  presented  by  Profes¬ 
sor  Tony  Maxworthy,  University  of 
Southern  California,  and  this  will  be 
followed  by  a  reception.  During  the 


meeting,  invited  lectures  will  be 
given  by  D.  Bushnell  (NASA  Lang¬ 
ley),  R.  J.  Donnelly  (University  of 
Oregon),  P.  G.  de  Gennes  (Ecole 
Superieure  de  Physique  et  de 
Chimie,  Paris),  M.  Farge  (Ecole  Nor- 
male  Superieure,  Paris),  E.  J. 
Hopfinger  (University  of  Grenoble), 
L.  G.  Leal  (University  of  California- 
at  Santa  Barbara),  R.  S.  Lindzen 
(M.I.T),  S.  B.  Pope  (Cornell),  U. 
Schumann  (DFVLR),  and  K.  R. 
Sreenivasan  (Yale). 

Contributed  papers  are  solicited  in 
all  areas  of  fluid  dynamics.  Recent 
topics  have  included  general  fluid 
dynamics,  hydrodynamic  stability, 
boundary  layers,  transition  and  tur¬ 
bulence,  chaos,  jets,  wakes,  mixing 
layers,  separated  flows,  aerodynam¬ 
ics,  aeroacoustics,  thermal  convec¬ 
tion,  heat  transfer,  viscous  flows,  ro¬ 
tating  and  stratified  flows,  geophysi¬ 
cal  flows,  biofluid  dynamics,  hy- 
personics,  magnetohydrodynamics, 
compressible  flows,  non-Newtonian 
fluids,  quantum  fluids,  films,  com¬ 
bustion,  reacting  flows,  suspensions, 
vortex  dynamics,  multiphase  flow, 
flow  in  porous  media,  computational 
fluid  dynamics,  and  experimental 
techniques. 


Advance  registration  is  encouraged. 
Accordingly,  a  reduced  registration 
of  SI 00  for  APS  members,  SI 40  for 
nonmembers,  and  S65  for  students 
will  be  charged  if  preregistration  is 
received  on  or  before  30  September 
1990.  The  regular  registration  fees 
are  SI 30,  SI 90,  and  S85,  respective¬ 
ly.  The  banquet  is  not  included  in 
this  fee.  The  forms  for  registration 
and  accommodations  are  found  on 
pages  1608  and  1609. 

The  Eighth  Annual  Picture  Gallery 
of  Fluid  Motion  will  be  held  during 
the  meeting;  entries  are  invited.  The 
Gallery  will  include  computational 
fluid  dynamics  entries,  and  entries  in 
video  format.  A  description  of  all 
entries  must  be  received  no  later  than 
30  September  1990.  Video  equip¬ 
ment  is  limited,  and  all  video  re¬ 
quirements  must  be  discussed  with 
Mary  Helen  Cathles  at  (607)  255- 
8010,  or  by  fax  at  (607)  255-1222  at 
the  time  the  entry  is  submitted. 


The  Tompkins  County  Airport  is 
served  by  U.S.  Air,  TWA,  Continen¬ 
tal,  and  Mohawk.  It  also  is  possible 
to  fly  to  Syracuse  International  Air¬ 
port,  and  take  a  taxi  or  rental  car  to 
Ithaca  (about  1.25  hours  distant). 
Binghamton  is  also  a  possibility  at 
about  the  same  distance;  Rochester 
is  about  two  hours  distant  by  car. 
Limousine  service  and  taxi  service 
are  available  from  the  Tompkins 
County  airport  to  area  hotels  (ap¬ 
proximate  cost  is  S6-10)  and  several 
car  rental  agencies  are  located  at  the 
airport.  Note  that  this  meeting 
occurs  during  Thanksgiving  week, 
and  that  there  will  be  heavy  student 
use  of  all  transportation  facilities  due 
to  the  long  weekend.  In  addition,  on 
Saturday,  17  November,  Cornell 
plays  the  University  of  Pennsylvania 
at  Cornell,  and  this  will  probably  be, 
one  of  our  best-attended  games. 
Significant  airline  savings  are  possi¬ 
ble  if  you  stay  over  Saturday  night; 
the  meeting  begins  at  9:00  a.m.  on 
Sunday.  At  this  time  of  year  the 
weather  in  Ithaca  is  highly  v.iriable; 
the  average  high  temperature  for 
this  period  is  42°  F  and  the  low  is 
28°  F. 

Questions  regarding  any  aspect  of 
the  conference  should  be  directed  to 
the  conference  secretary,  Mary 
Helen  Cathles,  at  APS/DFD,  P.O. 
Box  637,  Ithaca,  NY  14851,  or  at 
(607)  255-8010  or  by  fax  at  (607) 
255-1222. 


Sorting  Categories 

1.  Turbulence 

(a)  Turbulent  Jets 

(b)  Turbulent  Boundary  Layers 

(c)  Turbulent  Wakes 

(d)  Compressible  Mixing  Layers 

(e)  Incompressible  Mixing  Layers 
(0  Free-Shear  Layer  Control 

(g)  Turbulence  Simulation 

(h)  Turbulence  Theory 

(i)  Turbulence  Modeling 

(j)  Turbulent  Boundary  Layer 

Control 

(k)  Turbulent  Convection 

(l)  Turbulent  Mixing 

2.  Stability 

(a)  2D  Boundary  Layer  Stability 

(b)  3D  Boundary  Layer  Stability 

(c)  General  Stability 
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(d)  Free-Shear  Lr>yer  Instabilities 

(e)  Convective  Instabilities 

(0  Rayleigh-Taylor  Instability 

(g)  Taylor-Couette  Instabilities 

(h)  Instabilities  of  Thin  Films 

(i)  Instabilities  of  Jets  and  Wakes 

(j)  Control  of  Boundary  Layer 

Instabilities 

(k)  Interfacial  Instability 
U)  Secondary  Instabilities 

(m)  Compressible  Boundary  Layer 
Instabilities 

(n)  Richtmeyer-Meshkov  Instability 
{o)  Channel  Flow  Instabilities 

3.  Reacting  Flows — Experiment 

4.  Reacting  Flows — Theory  and 

Modeling 

5.  Computational  Fluid  Dynamics 

6.  Viscous  Flows 

7.  Acoustics 

8.  Geophysical  Fluid  Dynamics 

9.  C.iaos 

10.  Vortex  Dynamics 

11.  Suspensions 

12.  Separated  Flows 

13.  Aerodynamics 

14.  Multiphase  Flows 

15.  Drops  and  Bubbles 

16.  Shock  Waves,  Detonations, 
and  Deflagrations 

17.  Experimental  Techniques 

18.  Waves 

19.  Compressible  Flows 

20.  Rotating  Flows 

21.  Flow  in  Porous  Media 

22.  Boundary  Layer  Receptivity 

23.  Pattern  Selection 

24.  Laminar  Flows 

25.  Surface  Tension 

26.  Graphics  and  Visualization 

27.  Hypersonic  Flows 

28.  Buoyancy  Driven  Flows 

29.  3D  Vortex  Flows 

30.  Non-Newtonian  Flows 

31.  Materials  Processing 


32.  Particle  Laden  Flows. 

33.  Local  Disturbances 

34.  Fractals 

35.  Hele-Shaw  Flow 

36.  Computational  Methods 

< 

'T' 

1991  REGULAR  MEETING 
OF  THE  DIVISION  OF  HIGH 
POLYMER  PHYSICS 
Cincinnati,  Ohio 
18-22  March  1991 

The  1991  Regular  Meeting  of  the 
Division  of  High  Polymer  Physics 
will  once  again  be  held  jointly  with 
the  General  Meeting  of  the  Society, 
18-22  March  1991.  The  meeting 
will  be  held  in  the  Cincinnati  Con¬ 
vention  Center,  and  the  Hyatt  Re¬ 
gency  has  been  designated  as  the 
Headquarters  Hotel.  Both  invited 
and  contributed  papers  will  be 
scheduled.  Abstracts  of  contributed 
papers  intended  for  presentation  at 
sessions  of  the  Division  should  be 
sent  (in  triplicate)  to  the  program 
chairman,  Jeffrey  Koberstein,  Insti¬ 
tute  of  Materials  Science,  U-136, 
University  of  Connecticut,  Storrs, 
CT  06269-3136,  to  reach  his  office  by 
the  deadline  of  16  November  1990. 
Please  note  that  this  date  is  two 
weeks  in  advance  of  the  deadline  for 
the  receipt  of  abstracts  for  the  Gen¬ 
eral  Meeting  of  the  Society.  Contri¬ 
butors  are  reminded  that  abstracts 
must  be  prepared  in  strict  accor¬ 
dance  with  the  rules  governing  the 
submission  of  abtracts,  published  in 
this  Bulletin  on  page  1629.  Informa¬ 
tion  regarding  housing  and  preregis¬ 
tration  can  be  found  in  the  an¬ 
nouncement  of  the  General  Meeting, 
on  page  1601. 


The  Division  is  also  sponsoring  a 
short  course,  prior  to  the  meeting, 
on  16-17  March  1991.  The  title  of 
the  short  course  is  “Polymer  Sur¬ 
faces  and  Interfaces,”  and  the  $250 
cost  includes  coflee  breaks  in  the 
morning  and  afternoon  on  both  days. 
The  course  is  being  organized  by 
Matthew  Tirrell,  University  of  Min¬ 
nesota.  A  tentative  syllabus  and 
lecturers  follows. 


Introduction  and  Overview.  M.  Tir¬ 
rell. 

Chemistry  of  Polymer  Surfaces  and 
Interfaces.  T.  J.  McCarthy,  Univer¬ 
sity  of  Massachusetts. 

Physical  Structure  of  Polymer  Sur¬ 
faces  and  Interfaces.  T.  P.  Russell, 
IBM  and  F.  S.  Bates,  University  of 
Minnesota. 

Adsorbed  Polymer  Layers.  M.  Tir¬ 
rell. 

Theory  of  Polymer  Surfaces  and  In¬ 
terfaces.  G.  H.  Frederickson,  Uni¬ 
versity  of  California,  Santa  Barbara. 

Applications:  Colloidal  Stability. 
M.  Tirrell. 

Strength  and  Adhesion  at  Interfaces. 
H.  R.  Brown,  IBM. 

Polymer  Interdiffusion  and  Segrega¬ 
tion,  E.  J.  Kramer,  Cornell  Univer¬ 
sity. 

Microphase  Separation  in  Block 
Copolymers,  F.  S.  Bates,  University 
of Minnesota. 

Polymer  Dynamics  in  Adsorption 
and  Lubrication.  S.  Granick,  Uni¬ 
versity  of  Illinois. 


Announcements  of  Sectional  Meetings 


1990  FALL  MEETING  OF  THE 
NEW  YORK  STATE  SECTION 
Poughkeepsie,  New  York 
19-20  October  1990 

The  1990  Fall  Meeting  of  the  New 
York  State  Section  of  the  American 
Physical  Society  will  be  held  on  Fri¬ 
day  and  Saturday,  19-20  October 


1990,  at  the  IBM  Country  Club  near 
Poughkeepsie,  NY. 

Friday,  19  October  1990 

8:00  Registration. 

8;45  Opening.  Martin  A.  Abkowitz, 
Chair  NYS  Section,  APS. 

Welcome. 


Session  I.  Science  Applications 
of  Supercomputers. 

A.  Goland,  presiding 

9:00-9:30  J.  Davenport,  Brook- 
haven  National  Laboratory  First 
Principles  Molecular  Dynamics  Stud¬ 
ies  of  Liquid  and  Solid  Sodium. 
9:40-10:10  J.  Kogut,  University  of 
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PREREGISTRATION  FORM 

Deadline  2  October  1990 

1990  Joint  Spring  Meeting  of  the  Texas  Sections  of  APS  and  AAPT  and  SPS  Zone  10 

9-10  November  1990 
College  of  the  Mainland 
Texas  City,  Texas 


Name: _ 

(for  Name  Badge) 


Phone:  (  ) 


Address: 


Institutional  Affiliation: _ 

(if  not  given  above) 

Check  if  member  of:  APS _  AAPT _  SPS _ 

Do  you  wish  to  have  your  registration  fee  also  include  a  year’s  membership  in  the  Texas 
Section  of  the  AAPT?  Yes _  No _ 

Preregistration  is  necessary  to  obtain  tickets  for  meal  functions. 

The  program  will  be  mailed  out  to  preregistrants  prior  to  the  meeting. 

Registration  Fee:  Regular  SI 5.00 

Student  S  5.00  _ 

Department  Chair  Breakfast  _ @S  6.00  _ 

(Friday  morning,  9  November) 

Luncheon  (Friday  noon,  9  November)  _ ®S  6.50  _ 

Banquet  (Friday  evening,  9  November)  _ @S  12.00  _ 

TOTAL  S _ 

Make  checks  payable  to  “Texas  Section  AAPT”  and  mail  to  be  received  by  2  October  1990  to: 

John  L.  Hubisz 

College  of  the  Mainland 

1200  Amburn  Road 

Texas  City,  TX  77591 

(409)  938-1211  x325  (after  27  August  1990) 

(409)  938-4098  (summer,  evenings,  and  weekends) 
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Illinois.  Simulating  Quantum  Chro¬ 
modynamics  on  a  Supercomputer. 
i0:20  Coffee  break. 

10:50-11:20  S.  Broyde,  New  York 
University.  DNA  Structures  and  In¬ 
teraction  of  Carcinogens  with  DNA. 
11:30-12:00  S.  Shapiro,  Cornell 
University.  Building  Black  Holes: 
Supercomputer  Cinema. 

12:10  Lunch. 

Session  II.  Supercomputer — Architecture 
and  Performance 
W.  Heller,  presiding 

2:00-2:30  G.  Fox,  Syracuse  Univer¬ 
sity.  Parallel  Computing  Architec¬ 
ture  and  Software. 

2:40-3:10  J.  Caviness,  National  Sci¬ 
ence  Foundation.  Networks  for 
Scientific  Computing. 

3:20  Coffee  break. 

3:50-4:20  M.  Kalos,  Cornell  Uni¬ 
versity.  Perspectives  of  Scientific 
Computing. 

4:30-5:00  W.  Wilcke,  IBM  Re¬ 
search,  Yorktown  Heights.  VJC- 
'f'OR:  A  Message-Passing  Computer. 
6:15  Social  hour. 

7:15  Banquet. 

8:15  Public  Lecture. 

Saturday,  20  October  1990 

Session  III.  Science  Applications  of 
Supercomputers. 

D.  Awschalom,  presiding 

9:00-9:30  M.  Dupuis,  IBM, 
Kingston.  Supercomputers  for  Com¬ 
putational  Chemistry. 

9:40-10:10  K.  Jensen,  MIT.  Super¬ 
computer  Simulation  of  3D  Fluid 
Flow  and  Materials  Processing. 

10:20  Coffee  break. 

10:50-11:20  R.  Wctherald,  Geo¬ 
physical  Fluid  Dynamics  Laborato¬ 
ry.  Effects  of  Increased  Computer 
Resolution  on  the  Prediction  of  Cli¬ 
mate  Simulation. 

1 1:30- 12:00  L.  Brown,  Cornell  Uni¬ 
versity.  Seismic  Frnlcroiton  of  the 
Continents. 

12:10  Adjournment. 

Details  concerning  transportation, 
local  hotel  and/or  motel  accommo¬ 
dations,  meals,  parking,  travel  direc¬ 
tions,  and  registration  arc  available 
upon  request  from  the  local  organiz¬ 
ing  committee.  Please  contact:  Dr. 


Wil'iiam  Heller,  IBM  Data  Systems 
Division,  Department  D-18,  Build¬ 
ing  705,  P.O.  Box  390,  Poughkeep¬ 
sie,  NY  12602.  Telephone.  1914) 
435-6307. 


1990  FALL  MEETING  OFTHE 
NEW  ENGLAND  SECTION 
New  Karen,  Connecticut 
19-20  October  1S)90 

The  1990  Fall  Meeting  of  the  New 
England  Section  of  the  American 
Physical  Society  will  be  held  Friday 
and  Saturday,  19-20  October  1990, 
at  Yale  University,  New  Haven, 
Connecticut.  The  theme  of  the  ses¬ 
sion  on  Friday  will  be  “Major 
Research  Facilities  in  the  Northeast 
for  the  1990s:  The  Yale  ESTU  Tan¬ 
dem  Van  de  Graaff  Accelerator  and 
the  MIT/BATES  High-Duty  Cycle 
Electron  Accelerator.”  The  speak¬ 
ers  will  discuss  both  the  technical  de¬ 
tails  of  these  machines  and  the  phys¬ 
ics  programs.  Potential  users  of 
these  facilities  from  the  region  will 
6nd  much  of  interest  here.  A  social 
hour  and  banquet  will  be  held  on  Fri¬ 
day  evening. 

The  theme  on  Saturday  morning  will 
be  “Tests  of  Discrete  Symmetries  in 
Atomic,  Molecular,  and  Nuclear 
Physics.”  A  talk  of  a  general  nature 
on  symmetries  will  precede  the  spe¬ 
cialized  talks  on  these  topics.  A  tour 
of  the  Wright  Nuclear  Structure 
Laboratory  at  Yale  Oiat  houses  the 
22-MV  Tandem  Van  de  Graaff  Ac 
cclerator  will  take  place  on  Saturday 
afternoon. 

Contributed  papers  (each  lasting  10 
min)  w>ili  be  presented  in  parallel  ses¬ 
sions  on  Friday  afternoon  and  Saiur 
day  morning.  Two  copies  of  each 
abstract  should  be  sent  to.  Professor 
Moshc  Gai,  NES/APS,  Department 
of  Physics,  Yale  University,  P.O. 
Box  6666,  New  Haven,  CT  06511; 
telephone  (203)  432-5195,  fax 

(203)  432-3.522,  and  BITNET 

GAI@YALEVM.  The  deadline  for 
receipt  of  abstracts  is  5  October  1990. 
Authors  who  wish  to  have  their 
abstract  published  in  the  Bulletin  (in 
the  standard  format)  should  enclose 
a  check  for  S25.00,  payable  to 
NES/APS. 


Details  concerning  the  program, 
registration,  accommodations,  travel 
information,  etc.  will  be  given  in 
another  announcement  in  the  Sep¬ 
tember  or  October  Bulletin,  and  will 
be  sent  to  all  members  of  APS  in 
New  England;  they  will  be  available 
to  others  upon  request. 

The  Local  Organizing  Chairman  is 
Professor  Frank  Firk,  Department 
of  Physics,  Yale  University,  P.O. 
Box  6666,  New  Haven,  CT  06511; 
telephone  (203)  432-3652  or  3650. 

1990  FALL  MEETING 
OFTHE  OHIO  SECTION 
Bowling  Green,  Ohio 
2-3  November  1990 

The  1990  Fall  Meeting  of  the  Ohio 
Section  of  the  American  Physical  So¬ 
ciety  will  be  held  2-3  November  at 
Bowling  Green  State  University  in 
Bowling  Green,  Ohio,  hosted  by  the 
Department  of  Physics  and  Astrono¬ 
my. 

The  general  theme  of  the  meeting  is 
“Computational  Physics.”  Invited 
speakers  include  Dr.  Kenneth  Wil¬ 
son  (Ohio  State  University),  Dr.  Da¬ 
vid  Landau  (University  of  Georgia), 
Dr.  Frank  Pinsk:  (University  of  Cin¬ 
cinnati),  and  Dr.  Michael  Norman 
(University  of  Illinois). 

On  Friday  evening  there  will  be  a  so¬ 
cial  hour  and  banquet,  and  an  after- 
dinner  talk  by  Dr.  John  Rigdcn 
(.American  Institute  of  Physics). 
Afterward,  a  show  will  be  presented 
in  the  Bowling  Green  Planetarium, 
followed  by  an  astronomical  observ¬ 
ing  session,  if  weather  permits. 

Ten-minute  contributed  papers  in 
any  area  of  physics  and  physics  edu¬ 
cation  are  welcome.  In  addition  to 
parallel  oral  sessiomc  on  Saturday 
morning,  a  poster  session  will  be 
held  on  Friday  aftemoon.  Abstracts 
following  the  standard  APS  format 
should  be  sent  to  arrive  by  19  Oc¬ 
tober  to  the  address  below-  all 
abstracts  received  by  the  deadline 
will  be  published  in  the  local  pro¬ 
gram.  Abstracts  accompanied  by 
the  publication  fee  of  S40,  made  pay¬ 
able  to  OSAPS/BGSU,  will  appear 
in  a  later  issue  of  the  Bulletin  of  the 
American  Physical  Society. 


Vol.  35,  No.  8  (1990) 


1613 


All  APS  members  in  Ohio  and  ad¬ 
joining  states  are  cordially  invited  to 
attend  this  meeting.  More  detailed 
information  including  schedules,  ac¬ 
commodations,  and  registration  ma¬ 
terials  will  be  sent  to  Ohio  Section 
members  in  mid-Summer,  and  will 
be  available  on  request  from  the  lo¬ 
cal  chairman.  Dr.  R.  I.  Boughton, 
Department  of  Physics  and  Astrono¬ 
my,  Bowling  Green  State  University, 
Bowling  Green,  Ohio  43403. 
Telephone:  419-372-2421 
BITNET: 

BOUGHTON  1  ©BGSUOPIE 

INTERNET: 

boughton  ®  andy.bgsu.edu 

1990  FALL  MEETING 
OF  THE  TEXAS  SECTION 
'  Texas  City,  Texas 
9-10  November  1990 

The  1990  Fall  Meeting  of  the  Texas 
Section  will  be  hosted  by  the  College 


of  the  Mainland  in  Texas  City,  Tex¬ 
as,  on  Friday  and  Saturday,  9-10 
November  1990.  It  is  a  joint  meeting 
with  the  Texas  Section  of  the  Ameri¬ 
can  Association  of  Physics  Teachers 
and  Zone  10  of  the  Society  of  Phys¬ 
ics  Students. 

The  APS  portion  of  the  meeting  will 
feature  invited  papers  on  the  fron¬ 
tiers  of  physics.  In  addition,  contrib¬ 
uted  papers  in  ail  areas  of  physics  are 
welcome. 

Abstracts  for  invited  and  contribut¬ 
ed  papers  in  APS  sessions  should  be 
prepared  in  the  standard  format  as 
specified  on  page  1629,  and  three 
copies  should  be  sent  to  the 
Secretary-Treasurer  of  the  Section: 
Dr.  David  Gavenda,  Physics 
Department,  The  University  of  Tex¬ 
as  at  Austin,  Austin,  TX  78712  (tele¬ 
phony:  512-471-3201).  The  deadline 
for  receipt  of  abstracts  is  2  October 


1990.  Each  abstract  which  the  au¬ 
thor  wishes  to  have  published  in  the 
Bulletin  should  be  accompanied  by  a 
check  for  $15.00  made  payable  to 
“APS  Texas  Section”  to  help  defray 
publication  costs. 

Besides  parallel  sessions  of  contrib¬ 
uted  papers,  the  Texas  Section  of 
AAPT  is  organizing  several 
workshops  and  invited  paper  ses¬ 
sions  on  “Textbooks,  Lab  Manuals, 
and  Other  Teacher  Aids.” 

Titles  of  contributed  papers  in  the 
AAPT  or  SPS  sessions  should  be 
sent  on  forms  available  from  Dr. 
John  L.  Hubisz,  Physics  Depart¬ 
ment,  College  of  the  Mainland,  Tex¬ 
as  City,  TX  77591.  Abstracts  are  not 
requried;  however,  if  you  wish  to 
submit  an  abstract  and  have  it  pub¬ 
lished,  follow  the  guidelines  given 
above.  The  deadline  for  receipt  of  ti¬ 
tles  is  2  October  1990. 


HOUSING  FORM  . 

1990  Annual  Meeting  of  the  Southeastern  Section 
of  The  American  Physical  Society 
15-17  November  1990 


The  Holiday  Inn  Decatur  Conference  Center  is  the  headquarters  hotel  for  this  meeting.  All  rooms  are  available  at  the  rate  of  $72 
(plus  tax)  for  1-4  occupants.  Please  i:  dicate  your  choice  below. 

No.  of  occupants: _  2  double  beds _ or  1  king  size  bed _ 

_ smoking  _ nonsmoking  date  of  arrival: _  date  of  departure: _ 

Name: _  We  accept  VISA,  MasterCard,  American  Express, 

Discover,  Diners  Club,  and  Carte  Blanche 

Address: _ Credit  Card: _ 

City: _ State: _ Zip: _  Number: _ Exp.  Date: - 

Telephone: _  Signature: _ 

A  block  of  rooms  has  been  reserved  for  SESAPS.  Your  reservation  must  be  received  prior  to  13  October  1990  or  the  rooms  will 
he  made  available  to  the  public  and  our  regular  rates  will  apply.  In  case  of  cancellation,  please  notify  our  reservation  office  at  the 
number  listed  below. 

(Please  check) _ Guaranteed  Arrival-if  “no  show”  you  will  be  billed  for  the  first  night. 

'  Please  return  this  form  with  your  payment  to:  Holiday  Inn  Decatur  Conference  Center 

130  Ciairemont  Avenue 
Decatur,  GA  30030 

Phone:  1-800-225-6079  (Outside  Georgia) 

4u4-371-0204  (Georgia  only) 
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Blocks  of  rooms  have  been  set  aside 
at  three  local  motels.  Reservations 
at  the  rates  quoted  must  be  made  be¬ 
fore  the  date  indicated.  All  prices 
are  subject  to  tax  if  >ou  do  not  have 
the  proper  documentation  to  waive 
it.  The  host  motel  will  be  Holiday 
Inn  (409-986-9777,  S50.00+$7.00 
per  additional  person,  Ref.  “AAPT- 
APS,”  8  October  1990).  Rooms  are 
also  available  at  Pelican  Inns  (409- 
986-6575,  $21.95  single,  $23.95  dou¬ 
ble,  Ref.  “AAPT-APS,”  15  October 
1990),  and  La  Quinta  Motor  Inn 
(409-948-3101,  $31.00  single,  $35.00 
double,  and  $39.00  three  or  four 
persons.  Ref.  “Reservation  slot 
#26537,”  21  October  1990). 

Additional  information  on  prereg¬ 
istration,  meals,  and  free  airport 
transportation,  along  with  maps,  will 
be  sent  to  all  Texas  Section  members 
and  others  requesting  it.  The  pro¬ 
gram  will  be  mailec.  jefore  the  meet¬ 
ing  to  all  those  who  preregister  or 
submit  papers. 

The  meeting  of  the  Section  Execu¬ 
tive  Committee  will  be  held  at  19:30 
Thursday  evening,  8  November 
1990,  at  the  host  model.  For  further 
information  contact  Dr.  Hubisz  at 
the  address  above,  or  call  409-938- 
4098  (evenings  and  weekends)  or 
409-938-1211  x325. 


:‘»90  ANNUAL  MEETING 
OF  THE  SOUTHEASTERN 
SECTION 
Atlanta,  Georgia 
15-17  November  1990 

The  57th  meeting  of  the  Section  will 
be  held  in  Atlanta,  Georgia  on  15-17 
November  1990.  Our  hosts  will  be 
the  members  of  the  departments  of 
physics  of  the  four  major  academic 
institutions  in  Atlanta.  The  chair¬ 
man  of  the  Local  Arrangements 
Committee  is  Professor  Edward  W. 
Thomas  of  The  Georgia  Institute  of 
Technology. 

The  headquarters  hotel  will  be  the 
Holiday  Inn  Decatur  Conference 
Center.  All  sessions  will  be  held  at 
that  location.  The  Center  is  at  130 
Clairemont  Avenue,  Decatur,  GA 


30030.  Decatur  is  a  small  town 
whose  origins  predate  Atlanta  itself 
but  which  has  now  become  a  suburb 
of  the  city.  It  is  about  8  miles  from 
downtown  Atlanta.  It  is,  however, 
almost  adjacent  to  a  station  of  the 
e.xcellent  Atlant  ipid  transit  sys¬ 
tem  (MARTA)  a  thus  it  is  only 
some  minutes  anu  some  cents  from 
the  Atlanta  Airport,  downtown 
Atlanta,  and  many  areas  of  interest 
in  Atlanta.  There  is  a  special  rate  of 
$72  (plus  tax)  per  room  (1  to  4  occu¬ 
pants).  Booking  must  be  made  using 
the  form  on  page  1614,  or  by  calling 
the  hotel’s  number  shown  on  that 
form  and  mentioning  your  atten¬ 
dance  at  SESAPS.  Hotel  reserva¬ 
tions  at  the  reduced  rate  for  rooms 
cannot  be  arranged  through  the 
Holiday  Inn  800  number.  The 
SESAPS  Banquet  will  be  held  at  the 
Center  Friday  night. 

On  13-14  November,  immediately 
prior  to  the  SESAPS  meeting,  there 
will  be  held,  at  the  same  location,  the 
Atlanta  Conference  on  the  Super¬ 
conducting  Supercollider.  Details  of 
the  program  may  be  obtained  by  cal¬ 
ling  Dr.  William  L.  Dunn  of  Quan¬ 
tum  Research,  Inc.  at  (919)  544- 
4952.  Accommodations  at  that 
meeting  are  restricted  and  preregis¬ 
tration  is  essential. 

Registration  fees  will  be  $15  for 
SESAPS  or  APS  members;  $25  for 
nonmembers;  $3  for  graduate  stu¬ 
dents  or  retired  physicists;  and  un¬ 
dergraduate  students  may  register 
free  at  the  SPS  desk.  For  the  first 
time  at  a  SESAPS  meeting,  preregis¬ 
tration  is  requested.  We  anticipate 
that  the  combination  of  the  two  asso¬ 
ciated  meetings,  the  ACSSC  on 
13-14  November  and  SESAPS  on 
15-17  November,  will  result  in  a 
rather  high  demand  for  hotel  room 
space,  particularly  on  the  night  of  14 
November.  We  urge  that  you  make 
plans  early  and  respond  promptly 
with  the  preregistration  form  on 
page  1616. 

Atlanta  is  easily  reached  by  car  via 
Interstates  1-20,  1-75,  and  1-85,  and 
by  almost  any  airline  that  flies  in  the 
Southeast.  Limousines  and  taxis,  al¬ 


though  not  cheap,  are  available  at 
the  airport.  For  the  economy- 
minded,  use  the  MARTA  train.  To 
reach  the  Holiday  Inn  Conference 
Center,  take  the  train  from  the  sta¬ 
tion  in  the  airport  to  the  central  sta¬ 
tion  called  Five  Points.  Transfer 
there  to  the  East  line  and  get  off  at 
station  E6  in  Decatur. 

Delta  Airlines  is  the  Designated  Car¬ 
rier  for  the  SESAPS  meeting.  They 
will  provide  a  40%  reduction  on 
standard  coach  fares  and  a  5% 
reduction  from  the  lowest  published 
fare.  To  make  bookings  at  these 
rates  you  (or  your  travel  representa¬ 
tive)  must  call  Delta  at  1-800-241- 
6760  and  quote  file  number  J21038, 
which  is  in  the  name  of  the 
Southeastern  Section  of  the  Ameri¬ 
can  Physical  Society  (SESAPS). 

The  deadline  for  receipt  of  contrib¬ 
uted  paper  abstracts  in  the  office  of 
the  Program  Chairman  was  Friday, 
31  August  1990.  The  program  chair¬ 
man  is  Dr.  Frank  Avignone,  Depart¬ 
ment  of  Physics  and  Astronomy, 
University  of  South  Carolina, 
Columbia,  SC  29208.  All  abstracts 
of  contributed  papers  must  be  fur¬ 
nished  in  quadruplicate  and  must 
follow  the  APS  rules  for  submission 
of  abstracts  on  page  1629.  If  you 
missed  that  deadline,  send  in  your 
abstract  before  1  November  and  it 
will  be  added  to  the  program  in  the 
best  place  possible. 

All  regular  session  rooms  will  have 
overhead  projectors  and  blackboard 
systems.  If  you  need  other  audio¬ 
visual  aids,  including  35mm  projec¬ 
tors  or  8mm  movie  projectors,  re¬ 
quest  them  in  writing.  The  best  time 
and  place  for  such  requests  is  to  type 
them  near  the  bottom  of  the  page  on 
your  abstract  in  a  place  where  it  will 
NOT  be  photocopied  with  the 
abstract. 


Sessions  of  invited  papers  on  current 
physics  topics  are  now  being  ar¬ 
ranged.  General  areas  of  the  invited 
papers  are.  high-energy  physics;  nu¬ 
clear  physics,  astronomy;  atomic, 
molecular,  and  optical  physics;  con- 
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PREREGISTRATION  FORM 
1990  Annual  Meeting  of  the  Southeastern  Section 
of  The  American  Physical  Society 
15-17  November  1990 


Name: _ 

Name  for  Badge: 
Affiliation:  _ 


Address: 


rityr 

Sfatftr 

7.ip:  Phnnor 

CONFERENCE  FEES: 

APS  or  SESAPS  Member  _ 

_  S15 

$ 

Nonmember  _ 

_  $25 

Graduate  Student  _ 

-  S3 

Retired  Physicist  _ 

Undergraduate  _ 

_  S  3 

_  free  at  SPS  desk 

TOTAL  ENCLOSED:  $ 

Tickets  for  the  banquet  will  be  paid  for  and  dispersed  at  the  registration  desk. 

How  many  will  you  need?  _ 

Full  refunds  will  be  granted  upon  written  request  received  prior  to  13  October  1990  at  the  address  above.  Make  checks  payable  to. 
Georgia  Institute  of  Technology.  SESAPS  cannot  accept  reservations  or  payment  for  lodging. 


Send  this  form  with  payment  to:  SESAPS 

Education  Extension  R 
Georgia  Institute  of  Technology 
Atlanta,  GA  30322-0385 


densed  matter  physics,  and  the 
teaching  of  physics.  Most  of  the  in¬ 
vited  papers  will  be  planned  for  per¬ 
sons  who  are  not  specialists  in  the 
area  of  the  paper. 

L.  W.  Seagondollar,  Secretary 
Department  of  Physics 
Box  8202 

North  Carolina  State  University 
Raleigh,  NC  27695-8202 


1991  SPRING  MEETING 
OF  THE  TEXAS  SECTION 
San  Antonio,  Texas 
21-24  January  1991 

The  1991  Spring  Meeting  of  the  Tex¬ 
as  Section  will  be  held  in  conjunction 
with  the  last  joint  winter  meeting  of 
the  APS  and  the  AAPT  in  San  An¬ 
tonio,  Texas,  on  21-24  January  1991. 
The  officers  of  the  Texas  Section 


have  arranged  a  series  of  invited  pa¬ 
pers  on  the  frontiers  of  physics.  Sec¬ 
tion  members  are  urged  to  submit 
contributed  papers  from  all  areas  of 
physics  to  the  Executive  Secretary  of 
the  Society  at  the  APS  headquarters 
office  in  accordance  wth  instructions 
printed  in  this  Bulletin  on  page  1629. 
Please  note  the  early  deadline  for 
submitting  abstracts  for  this  meet¬ 
ing;  1  October  1990. 


Announcements  of  Topical  Conferences 


INTERDISCIPLINARY 
CONFERENCE  ON  ELECTRIFIED 
INTERFACES 
Asilomar,  California 
16-21  September  1990 

A  topical  conference  on  the  physics 
and  chemistry  of  Electrified  Liter- 


faces  will  be  held  at  the  Asilomar 
Conference  Center,  Pacific  Grove, 
California,  16-21  September  1990. 
This  will  be  the  sixth  in  a  series  of  in¬ 
terdisciplinary  conferences  on  this 
subject  begun  in  Snowmass,  Colora¬ 
do,  in  1979,  and  most  recently  held 
in  Bologna,  Italy,  in  1988.  The  pur¬ 


pose  of  this  conference  will  be  to 
bring  together  physicists  and  chem¬ 
ists  to  discuss  theory  and  in  situ  and 
ex  situ  experimental  techniques  for 
the  study  of  electrified  interfaces. 
There  will  be  invited  talks  and  poster 
sessions.  Ampie  time  for  formal  and 
informal  discussions  will  be  allowed. 
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The  topics  to  be  covered  are  the 
theory  of  the  structure  of  the 
electrified  interface,  the  experimen¬ 
tal  characterization  of  the  interface, 
redox  and  interfacial  electron 
transfer,  and  colloids.  This  meeting 
is  cosponsored  jointly  by  the  Ameri¬ 
can  Physical  Society,  the  Interna¬ 
tional  Society  of  Electrochemistry, 
and  the  IBM  Corporation.  Addi¬ 
tional  information  is  available  from: 

Douglas  Henderson 
Owen  Melroy 

IBM  Almaden  Research  Center 

K33/801 

650  Harry  Road 

San  Jose,  California  95120-6099 

Telephone:  408-927-2462 

FAX:  408-927-2100 

bitnet:  DJH4169@ALMVMC 


SEVENTH  INTERNATIONAL 
SYMPOSIUM  ON  CAPTURE 
GAMMA-RAY  SPECTROSCOPY 
AND  RELATED  TOPICS 
Asiiomar,  Pacific  Grove,  California 
14-19  October  1990 

First  Bulletin 

The  Seventh  International  Symposi¬ 
um  on  Capture  Gamma-Ray  Spec¬ 
troscopy  and  Related  Topics  will  be 
held  at  the  Asiiomar  Conference 
Center  on  the  Monterey  peninsula  in 
California  on  14-19  October  1990. 
This  symposium  is  the  seventh  in  the 
series  of  meetings;  previous  locations 
were  Studsvik,  Sweden  (1969),  Pet- 
ten,  The  Netherlands  (1974), 
Brookhaven,  U.S.A.  (1978),  Greno¬ 
ble,  France  (1981),  Knoxville,  U.S.A. 
(1984),  and  Leuven,  Belgium  (1987). 
Primary  sponsorship  of  the  symposi¬ 
um  is  being  provided  by  the 
Lawrence  L'vermore  National  Labo¬ 
ratory,  U.S.  Department  of  Energy. 

The  symposium  program  will  con¬ 
tinue  the  general  themes  of  the  ear 
lier  conferences,  with  emphasis  on 
recent  experimental  and  theoretical 
developments  in  low-energy  nuclear 
physics  as  determined  with  relatively 
less  complex  nuclear  probes  such  as 
capture  reactions.  Topics  to  be  dis¬ 
cussed  during  the  symposium  may 
inelude,  but  will  not  be  limited  to. 


the  following: 

‘nuclear  structure  (bound  states, 
states  near  the  nucleon  binding  ener¬ 
gy,  collective  and  single-particle  phe¬ 
nomena,  odd-odd  nuclei,  shape 
isomerism); 

‘nuclear  theory  (shell  model,  alge¬ 
braic  models,  Hartree-Fock-Bogo- 
lyubov  calculations,  microscopic 
models  of  deformed  nuclei); 

‘neutron  and  proton  capture  (high- 
resolution  gamma-ray  spectroscopy, 
short  lifetimes,  reaction  mecha¬ 
nisms,  polarized  neutrons); 

‘statistical  properties  of  nuclear  lev¬ 
els  (spacing  distributions,  density 
fluctuations,  chaotic  behavior); 

‘fundamental  physics  with  neutrons, 
neutron  and  proton  resonances,  and 
photon  and  neutron  strength  func¬ 
tions; 

‘nuclear  astrophysics  (nucleosyn¬ 
thesis,  chronometry,  proton  cap¬ 
ture); 

‘new  facilities  (cold-neutron  sources, 
neutron  guide  halls,  “Troisieme 
Souffle”  at  the  ILL);  new  instrumen¬ 
tation  (multidetector  systems — what 
role  in  capture  spectroscopy?);  new 
neutron  sources  (LANL  neutron 
sources,  Gatchina  reactor,  U.S.  Ad¬ 
vanced  Neutron  Source); 

‘applications  (activation  analysis, 
prompt-capture  gamma  rays). 

The  program  for  this  five-day  sym¬ 
posium  will  include  invited  and  con¬ 
tributed  papers  in  the  form  of  oral  or 
poster  presentations.  Nominations 
for  the  invited  talks  are  being  accept¬ 
ed  from  members  of  the  advisory 
committees.  Contributed  papers  are 
important  to  this  symposium  and 
some  of  these  will  be  selected  for  oral 
presentation.  All  other  accepted 
contributions  will  be  presented  in 
poster  sessions.  The  proceedings  of 
the  conference  will  be  published  as  a 
hardcover  book.  The  conference 
language  will  be  English.  There  will 
be  no  simultaneous  translation. 

Address  inquiries  to: 


R.  W.  Hoff 
7th  ISCGRSART 
Mailstop  L-234 
Lawrence  Livermore  National 
Laboratory 
Livermore,  CA  94550 

Phone:  415-422-6664 

Fax:  415-422-3160 

Bitnet;  hoff@lll-winken.llnl.gov 


FORTY-THIRD  GASEOUS 
ELECTRONICS  CONFERENCE 
Urbana-Champaign,  Illinois 
16-19  October  1990 

The  Forty-Third  Annual  Gaseous 
Electronics  Conference  will  be  held 
on  16-19  October  1990,  hosted  by 
the  University  of  Illinois,  Urbana,  Il¬ 
linois.  The  meeting  is  a  topical 
conference  of  The  American  Physi¬ 
cal  Society  and  is  sponsored  by  the 
Division  of  Atomic,  Molecular,  and 
Optical  Physics. 

The  Gaseous  Electronics  Conference 
invites  papers  on  basic  phenomena 
and  plasma  processes  in  ionized 
gases,  and  on' the  relevant  theory  and 
measurement  of  basic  atomic  and 
molecular  collisional  processes. 
Specifically,  papers  are  encouraged 
on  the  roles  of  such  fundamental 
processes  in  electric  discharges,  arcs, 
gas  lasers,  ion  sources,  breakdown, 
switching,  plasma  and  atmospheric 
chemistry,  plasma-surface  interac¬ 
tions,  plasma  processing,  ionospher¬ 
ic  phenomena,  and  similar  topics. 
Although  most  papers  will  deal  with 
low-energy  processes,  papers  that 
concern  electronic  or  radiative  pro¬ 
cesses  produced  by  high-energy  elec¬ 
trons  or  heavy  particles  are  ap¬ 
propriate  and  are  encouraged.  To¬ 
pics  selected  for  special  emphasis  in 
1990  include:  Lamp  modeling  and 
diagnostics;  lasers,  physics  of  high- 
power  devices;  plasma  chemistry, 
plasma  processing,  discharge  phys¬ 
ics,  and  surface  interactions,  novel 
experimental  techniques  for  and  fun¬ 
damental  aspects  of  electron  and 
heavy  particle  collision  physics. 
Also  planned  is  a  sequel  to  the  1989 
workshop  on  “Cross  Sections  I  Wish 
I  Knew.” 
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Abstracts  on  these  and  related  topics 
are  solicited.  The  abstracts  must 
conform  to  the  formatting  rules  of 
the  APS  and  will  be  published  in  the 
Bulletin.  The  abstract  must  briefly 
and  accurately  describe  the  scientific 
work  to  be  presented  at  the  confer¬ 
ence.  The  Conference  Executive 
Committee  reviews  all  abstracts  to 
determine  their  appropriateness  to 
the  meeting.  Some  papers  are 
presented  in  poster  sessions  at  the  re¬ 
quest  of  authors  or  the  discretion  of 
the  Executive  Committee.  At  the  re¬ 
quest  of  authors  willing  to  meet  ad¬ 
ditional  constraints,  papers  will  be 
considered  for  a  longer  presentation 
time. 

Inquiries  should  be  sent  to: 

Joseph  T.  Verdeyen,  Secretary 
Gaseous  Electronics  Conference 
Department  of  Electrical  and 
Computer  Engineering 
University  of  Illinois 
1406  West  Green  Street 
Urbana,  Illinois  61801 
Telep  .ne:  217-888-2480 


SPIE  INTERNATIONAL 
CONFERENCE.  ON  PHYSICAL 
CONCEPTS  OF  MATERIALS 
FOR  NOVEL  OPTOELECTRONIC 
DEVICE  APPLICATIONS 
Aachen,  Federal  Republic  of  Germany 
27  October-2  November  1990 


Conference  Chair:  Manijeh  Ra- 
zeghi,  Thomson-CSF  (France). 

Cooperating  organizations:  German 
Physical  Society,  IEEE  Electron  De¬ 
vices  Society,  IEEE  Lasers  and  Elec¬ 
trooptics  Society,  IEEE  Microwave 
Theory  and  Techniques  Society,  The 
Institute  of  Physics,  Rheinisch- 
Westfalische  Technische  Hoch- 
schule  (RWTH)  Aachen,  VDI/ 
VDE-Technologiezentrum. 

In  North  America  contact: 

SPIE 

P.O.  Box  10 

Bellingham,  WA  98227-0010 
Telephone-  206/676-3290 
Telex:  46-7053 
Telefax-  206/647-1445; 

Opto-Link;  206/733-2998 


In  Europe  contact: 

SPIE 

Lennestrasse  55 
D-5300  Bonn  1 

Federal  Republic  of  Germany 
Telephone:  49/228-219062 
Telex:  181479  specod 
Telefax:  49/228-219066 

In  the  Far  East,  Australia,  and  New 
Zealand  contact: 

SPIE 

c/o  O.T.O.  Research  Corporation 
Takeuchi  Building 
1-34-12  Takatanobaba 
Shinjuku-ku,  Tokyo  160,  Japan 
Telephone:  03  280  7821 
Telex:  232  41190t0RES  J 
Telefax:  03  2007889 


THIRTY-FIFTH  ANNUAL 
CONFERENCE  ON  MAGNETISM 
AND  MAGNETIC  MATERIALS 
San  Diego,  California 
29  Octobcr-1  November  1990 


The  Thirty-Fifth  Annual  Conference 
on  Magnetism  and  Magnetic,  Materi¬ 
als  will  be  held  at  the  Town  and 
Country  Hotel,  San  Diego,  Califor¬ 
nia.  The  conference  annually  brings 
together  scientists  and  engineers  in¬ 
terested  in  recent  developments  in  all 
branches  of  fundamental  and  applied 
magnetism.  Emphasis  is  traditional¬ 
ly  placed  on  experimental  and 
theoretical  research  in  magnetism, 
the  properties  of  synthesis  of  new 
magnetic  materials,  and  advances  in 
magnetic  technology.  The  program 
will  'onsist  of  invited  and  contribut¬ 
ed  papers.  Selection  of  contributed 
papers  ‘’"sed  on  abstracts  which 
are  recen.  '>y  the  submission  dead¬ 
line  of  16  May  1990.  An  Abstract 
Booklet  will  be  available  in  advance 
of  the  conference  f'^c-m  the  American 
Institute  of  Physics  for  a  fee  of 
SI 5.00.  Registrants  will  receive  this 
booklet  at  the  conference.  Proceed¬ 
ings  will  be  published  in  the  Journal 
of  Applied  Physics. 

Individuals  who  are  not  on  the 
conference  mailing  list  may  oUaii; 
conference  information  and  detaiL 
concerning  the  fieparation  of 
abstracts  in  the  prescribed  format  by 
writing  Dr.  John  T.  Sco  t,  American 


Institute  of  Physics,  335  East  45th 
Street,  New  York,  New  York  10017 
or  Diane  Suiters,  Courtesy  Associ¬ 
ates,  655  15th  Street  NW,  Suite  300, 
Washington,  D.C.  20005. 

This  topical  conference  is  sponsored 
jointly  by  the  American  Institute  of 
Physics  and  the  Magnetics  Society  of 
the  IEEE  in  cooperation  with  the 
American  Physical  Society,  the 
Office  of  Naval  Research,  the  Metal¬ 
lurgical  Society  of  the  AIME,  the 
American  Society  for  Testing  and 
Materials,  and  the  American  Ceram¬ 
ic  Society.  The  meeting  will  be  open 
to  all  persons  subject  to  a  registra¬ 
tion  fee  of  approximately  $200.00 
(marked  reduction  for  students). 


ELEVENTH  INTERNATIONAL 
CONFERENCE  ON  THE 
APPLICATION  OF  ACCELERATORS 
IN  RESEARCH  AND  INDUSTRY 
Denton,  Texas 
5-8  November  1990 

The  Eleventh  International  Confer¬ 
ence  on  the  Application  of  Accelera¬ 
tors  in  Research  and  Industry  will  be 
held  at  the  University  of  North  Tex¬ 
as  in  Denton,  Texas,  5-8  November 

1990.  The  proceedings  of  the  confer¬ 
ence  will  be  published  in  Nuclear  In¬ 
struments  and  Methods  in  April 

1991.  The  editors  of  these  proceed¬ 
ings  will  be  Jerome  L.  Duggan  of 
The  University  of  North  Texas  and 
I.  L.  Morgan  of  IDM,  Inc.  The 
abstracts  of  the  manuscripts  will  be 
published  in  the  September  1990  is¬ 
sue  of  the  Bulletin  of  the  American 
Physical  Society  (APS).  The  confer¬ 
ence  is  being  organized  by  The  Uni¬ 
versity  of  North  Texas. 

The  purpose  of  the  conference  is  to 
review  research  and  the  wealth  of  in¬ 
dustrial  applications  that  are  in  pro¬ 
gress  with  accelerators  throughout 
the  world.  The  conference  is  com¬ 
posed  of  two  symposia  which  run  in 
parallel.  These  are  the  Research 
Symposium  and  the  Industrial  Ap¬ 
plications  of  Accelerators.  Some  of 
the  sessions  that  are  of  general  in¬ 
terest  will  be  held  common  to  both 
groups.  Participants  can  easily  in¬ 
terchange  between  the  two  sympo¬ 
sia.  Three  hundred  and  fifty  invited 
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papers  will  be  given  at  these  sympo¬ 
sia,  and  contributed  papers  will  be 
accepted  in  the  following  areas: 
Atomic  Physics  and  Related  Phe¬ 
nomena,  Trace  and  Surface  Analysis 
with  Ion  Beams,  Electron  Beam  Pro¬ 
cessing,  Nuclear  Physics,  CTR  and 
Related  Phenomena,  Neutron  Ac¬ 
tivation  Analysis  and  Bulk  Analysis 
with  Accelerators,  Radiological 
Safety  Aspects  of  Accelerators,  Ion 
Implantation  with  Particular  Em¬ 
phasis  on  Semiconductors  and 
Metallurgical  Applications,  Geosci¬ 
ences  and  Related  Phenomena, 
Charged  Particle  Microprobes, 
Super  SIMS,  Carbon  Dating,  Com¬ 
puted  Tomography,  Synchrotron 
Light  Source  Experiments,  In  situ 
Beams,  Radiation  Interaction  with 
Ion  Beams,  Accelerator  and  Com¬ 
ponent  Design  and  Automation, 
Targetry,  Detectors,  and  Electron¬ 
ics,  Medical  Applications  with  Ac¬ 
celerators,  Biological  and  Chemical 
Applications,  Material  Analysis  with 
Ion  Beams,  Channeling,  and  Stop¬ 
ping  Power  and  Radiation  Effects. 

Most  of  the  contributed  papers  will 
be  presented  in  poster  sessions. 
Designated  times  will  be  assigned  for 
the  participants  to  be  present  at  their 
poster  stations. 

Further  information,  application 
blanks,  poster  information,  manu¬ 
script  materials,  and  other  confer¬ 
ence  information  can  be  obtained  by 
contacting  Jerome  L.  Duggan,  Phys¬ 
ics  Department,  The  University  of 
North  Texas,  P.O.  Box  5368,  Den¬ 
ton,  Texas  76203-5368,  phone;  817- 
565-3252.  Our  FAX  number  is: 
817-565-2227.  Our  Bitnet  number  is: 
BITNET%FC66  @  UNTVAX. 
BITNET. 


IEEE  CONFERENCE  ON 
NEURAL  INFORMATION 
PROCESSING  SYSTEMS— 
NATURAL  AND  SYNTHETIC 
Denver,  Colorado 
26-29  November  1990 

This  IS  the  fourth  meeting  of  an  in¬ 
terdisciplinary  conference  which 
brings  together  neuroscientists,  en¬ 


gineers,  computer  scientists,  cogni¬ 
tive  scientists,  physicists,  and 
mathematicians  interested  in  all  as¬ 
pects  of  neural  processing  and  com¬ 
putation.  Several  days  of  focused 
workshops  will  follow  at  a  nearby  ski 
area.  Major  categories  and  examples 
of  subcategories  for  paper  submis¬ 
sions  are  the  following: 

1.  Neuroscience:  Neurobiological 
models  of  development,  cellular  in¬ 
formation  processing,  synaptic  func¬ 
tion,  learning  and  memory;  studies 
and  analyses  of  neurobiological  sys¬ 
tems  and  development  of  recording 
tools. 

2.  Implementation  and  Simulation: 
Hardware  implementation  of  neural 
nets;  practical  issues  for  simulations, 
simulation  tools,  simulations  on 
parallel  machines. 

3.  Algorithms  and  Architectures: 
Description  and  experimental  evalu¬ 
ation  of  new  net  architectures 
and/or  learning  algorithms;  data 
representation,  static  and  dynamic 
nets,  modularity,  rapid  training, 
learning  pattern  sequences,  imple¬ 
menting  conventional  algorithms, 

4.  Formal  Analysis:  Theoretical 
analysis  of:  learning,  algorithms, 
generalization,  complexity,  scaling, 
capability,  stability,  dynamics,  fault 
tolerance,  sensitivity,  relationship  to 
conventional  algorithms. 

5.  Cognitive  Science  and  AI:  Nets 
for  cognitive  modeling,  natural 
language  understanding,  high-level 
representation  and  reasoning,  and 
other  AI  domains. 

6.  Applications:  Nets  applied  to  sig¬ 
nal  processing,  communications, 
speech,  vision,  motor  control,  robot¬ 
ics,  adaptive  systems. 


Technical  Program 


Plenary,  contributed,  and  poster  ses¬ 
sions  will  be  held.  There  will  be  no 
parallel  sessions.  The  full  text  of 
presented  papers  will  be  published. 

Mail  requests  for  registration  materi¬ 


al  to: 

Kathie  Hibbard 
NIPS  90  Local  Committee 
Engineering  Center 
Campus  Box  425 
Boulder,  CO  80309-0425 
email: 

hibbard  @  boulder.colorado.edu 


Organizing  Committee 

General  Chair;  Richard  Lippmann, 
MIT  Lincoln  Laboratory 
Program  Chair:  John  Moody,  Yale 
University 

Publicity:  Stephan  Hanson,  Siemens 
Publications:  David  Touretzky, 
Carnegie-Mellon  University 
Local  Arrangements:  Kathie  Hib¬ 
bard,  University  of  Colorado 
Workshop  Program:  Alex  Waibel, 
Carnegie-Mellon  University 
IEEE  Liaison:  Ed  Posner,  Caltech 
Neurosciences  Lia’son:  James 
Bower,  Caltech 

APS  Liaison:  Larry  Jackel,  AT&T 
Bell  Labs 


INTERNATIONAL  SYMPOSIUM 
ON  HEAVY  ION 
INERTIAL  FUSION 
Monterey,  California 
3-6  December,  1990 

This  symposium  is  the  latest  of  a 
series  being  held  every  two  years 
which  started  with  the  1976  ERDA 
Summer  Study  of  Heavy  Ions  for 
Inertial  Fusion.  Several  workshops 
were  held  before  the  symposium  as¬ 
sumed  its  present  form.  It  will  be 
held  at  the  Sheraton  Hotel  in  Mon¬ 
terey,  California.  The  symposium 
provides  an  opportunity  for 
members  of  the  worldwide  scientific 
community  involved  in  the  varied 
fields  required  for  accelerator-based 
inertial  fusion  to  assemble  and  com¬ 
municate.  Both  oral  and  poster  ses¬ 
sions  will  be  available.  Some  of  the 
subject  areas  of  interest  are:  beam 
physics,  beam-plasma  interactions, 
beam  transport,  accelerator  technol¬ 
ogy  for  inertial  fusion,  heavy  ion  in¬ 
jectors,  target  issues,  inertial  fusion 
reactor  studies,  and  fusion  plant  sys¬ 
tem  studies.  There  will  be  time  set 
aside  for  information  workshop  dis- 


Vol.  35,  No.  8  (1990) 


1619 


cussions  during  the  symposium. 
Written  papers  will  be  required  for 
inclusion  in  the  published  proceed¬ 
ings.  The  important  dates  to 
remember  are: 

Call  for  abstracts — 30  May  1990 
Abstracts  due— 31  August  1990 
Deadline  for  registration — 

15  October  1990 

Symposium — 3-6  December  1990 

To  be  put  on  the  mailing  list  for  fur¬ 
ther  information  and  announce¬ 
ments,  contact: 

Mollie  Field 

Conference  Coordinator 
Lawrence  Berkeley  Laboratory 
1  Cyclotron  Road,  MS  50B/2270 
Berkeley,  CA  94720 
Telephone:  (415)486-6386 
FAX:  (415)486-5401 


JOINT  MEETING  OF  THE 
FIFTEENTH  TEXAS  SYMPOSIUM 
ON  RELATIVISTIC  ASTROPHYSICS 
AND  THE  FOURTH  ESO-CERN 
SYMPOSIUM  ON  ASTROPHYSICS, 
COSMOLOGY,  AND 
FUNDAMENTAL  PHYSICS 
Brighton,  United  Kingdom 
16-21  December  1990 


The  15th  Texas  Symposium  on  Rela¬ 
tivistic  Astrophysics  and  the  4th 
ESO-CERN  Symposium  on  Astro¬ 
physics,  Cosmology,  and  Fundamen¬ 
tal  Physics  will  be  combined  into  a 
Joint  Texas/ESO-CERN  Symposi¬ 
um.  The  symposium  is  to  be  held  at 
the  Conference  Centre  in  Brighton, 
United  Kingdom,  from  Sunday  even¬ 
ing,  16  December  1990,  to  Friday 
afternoon,  21  December  1990. 

The  Scientific  Organizing  Commit¬ 
tee  (Joint  Chairmen:  M.  J.  Rees  and 
G.  Setti)  has  outlined  the  following 
program: 

Morning  plenary  lectures  on:  Early 
Universe;  Quantum  Cosmology; 
High-Energy  Physics — Latest  Re¬ 
sults;  Nucleosynthesis;  Galaxy  For¬ 
mation  and  High-z  Objects;  Large- 
Scale  Structure;  Dark  Matter;  X- 
Ray  and  y-Ray  Astronomy,  Pulsars, 
Gravitational  Lensing,  Background 
Radiation;  Solar  Oscillations,  Neu¬ 


trinos  and  Underground  Physics; 
Gravitational  Theory. 

Afternoon  mini-symposia  on.  Astro¬ 
physics  of  Neutron  Stars  and  Black 
Holes  (Organizer:  R.  D.  Blandford); 
Underground  Physics  (Co¬ 
organizers.  B.  Sadoulet  and  P.  F. 
Smith);  Large-Scale  Structure  and 
Galaxy  Formation  (Organizer:  G. 
Efstathiou). 

The  registration  fee  is  £15  (£25  for 
students).  A  limited  amount  of 
financial  support  may  be  available, 
especially  for  those  from  the  Third 
World. 

If  you  are  interested  in  attending  and 
would  like  more  information,  please 
contact  one  of  the  following  persons: 

I.  Robinson 

Programs  in  Mathematical 
Sciences 

University  of  Texas  at  Dallas 
Richardson,  TX  75083-0688 

G.  Setti 

European  Southern  Observatory 
Karl-Schwarzschild-Strasse  2 
D-8046  Garching-bei-Munchen 
Federal  Republic  of  Germany 

J.  P.  Ellis 
CERN 

CH-1211  Geneva  23 
Switzerland 


WASHINGTON  MATERIALS 
FORUM:  SUPERCONDUCTORS 
AND  SEMICONDUCTORS 
Washington,  D.C. 

28  February-1  March  1991 

This  conference  is  being  held  in  con¬ 
junction  with  the  Spring  Forum  of 
the  Solid  State  Sciences  Committee 
(SSSC)  of  the  National  Research 
Council,  which  will  be  held  in 
Washington,  D.C.  on  27  February 
1991  to  consider  “The  Effectiveness 
of  Consortia  in  Industrial  Competi¬ 
tiveness.”  The  SSSC,  often  in  con¬ 
junction  with  the  National  Materials 
Advisory  Board  (NMAB),  holds  this 
forum  to  inform  the  technical  com¬ 
munity  of  current  science  policy  and 
funding  issues  and  to  afford  atten¬ 
dees  the  opportunity  to  discuss  fund¬ 
ing  issues  with  representatives  from 


government  funding  agencies  and 
staffers  from  House  and  Senate  Com¬ 
mittees.  In  previous  years,  the 
forum  has  contained  a  brief  techni¬ 
cal  session  in  a  selected  area  of 
current  interest.  In  1991,  the  techni¬ 
cal  meeting  described  in  this  an- 
nouncerhent  will  replace  this  techni¬ 
cal  session.  It  will  enable  its  partici¬ 
pants  to  discuss  their  latest  technical 
results  with  their  peers  as  well  as  al¬ 
low  them  access  to  the  Washington 
community.  Cosponsorship  of  this 
meeting  by  several  technical  so¬ 
cieties  is  expected  to  reduce  prolifer¬ 
ation  of  meetings  in  Washington 
while  providing  all  associated  so¬ 
cieties  access  to  the  Washington 
community. 

Symposium  Topics 

High-Tc  Superconducting  Films  for 
Electronic  Applications 

This  symposium  will  focus  on  the 
preparation  and  properties  of  thin 
film  high-temperature  superconduct¬ 
ing  oxides  with  emphasis  on  the  ma¬ 
terial  properties  and  problems  im¬ 
portant  for  electronic  applications. 
Papers  are  solicited  in  the  following 
areas: 

Deposition  techniques  for  high-Tj 
superconducting  films 

Materials  properties  and  problems 
critical  to  device  and  circuit  applica¬ 
tions 

Integration  of  high-T^  supercon¬ 
ducting  materials  into  conventional 
semiconductor  technologies 

Magnetic  and  electrical  properties  of 
films 

Technique  for  fabricating  device 
structures 

New  approaches  to  film  evaluation 

Novel  electronic  applications  of 
high-Tj  superconducting  films 

The  Science  Behind  Semiconductor 
Processing:  Advances  in  Plamsa  and 
eVD  Research 

Significant  developnicnts  have  oc¬ 
curred  recently  in  research  related  to 
the  synthesis  and  processing  of  semi- 
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conductor  materials  and  devices. 
Advances  have  been  made  in  the  fun¬ 
damental  characterization,  model¬ 
ing,  and  understanding  of  processing 
as  a  science.  Results  are  leading  to 
predictive  methods  for  improving 
processing  and  synthesis  techniques. 
This  symposium  will  focus  on  ad¬ 
vances  in  the  science  of  plasma  and 
CVD  processing  as  it  applies  to 
semiconductor  fabrication.  The  em¬ 
phasis  will  be  on  unifying  themes  for 
understanding  deposition,  etching, 
and  growth  processes.  Topics  will 
include  plasma  and  vapor-phase 
chemistry,  surface  kinetics,  species 
transport,  gas-phase  surface  nu- 
cleation,  growth  mechanisms,  and 
modeling  techniques.  The  scientific 
basis  for  plasma  and  CVD  process¬ 
ing  will  be  addressed  in  both  invited 
and  contributed  sessions. 

Location 

The  conference  will  be  held  in 
Washington,  D.C.  on  28  February- 
1  March  1991,  following  the 
Wednesday,  27  February  1991  Solid 
State  Sciences  Committee  Spring 
Forum. 

Abstract  Deadline 

Abstracts  of  contributed  papers  (two 
copies)  must  be  received  by  the 
Conference  Chairs  no  later  than  10 
December  1990.  Abstract  templates 
may  be  obtained  from  MRS  Head¬ 
quarters  at  the  address  listed  below, 
or  your  may  construfct  your  own 
template  as  follows:  Using  heavy, 
white  bonded  paper,  trace  a  block  5 
in  (12.7  cm)  wide  by  6  in  (15.2  cm) 
long  in  nonreproducing  blue  ink  or 
in  dark  lines  on  a  backup  sheet.  The 
text  must  be  confined  to  the  area 
within  these  borders. 


Cosponsoring  Societies 

American  Ceramic  Society  (ACerS) 
American  Chemical  Society  (ACS) 
American  Physical  Society  (APS) 
Division  of  Condensed  Matter 
Materials  Physics  Topical  Group 
ASM  International 
American  Vacuum  Society  (AVS) 
Federation  of  Materials  Societies 
Materials  Research  Society  (MRS) 


Conference  Chairs 

A.  Wayne  Johnson 
Sandia  National  Laboratories 
Division  1126 
P.O.  Box  5800 
Albuquerque,  NM  87185 
Telephone:  (505)  844-8782 
Fax:  (505)844-3211 

Paul  S.  Peercy 

Sandia  National  Laboratories 
Division  1 140 
P.O.  Box  5800 
Albuquerque,  NM  87185 
Telephone:  (505)  844-4309 
Fax:  (505)846-2009 

Julia  M.  Phillips 
AT&T  Bell  Laboratories 
Room  ID- 158 
600  Mountain  Avenue 
Murray  Hill,  NJ  07974-2070. 
Telephone:  (201)  582-4428 
Fax:  (201)582-2521 


James  B.  Roberto 
Oak  Ridge  National  Laboratory 
Solid  State  Division 
Building  3025,  MS  6030 
Oak  Ridge,  TN  37831 
Telephone:  (615)  576-0227 
Fax;  (615)574-4143 

The  Program  Committee  will  be 
pleased  to  consider  abstracts  on  the 
topics  listed  above.  To  receive  fur¬ 
ther  announcements  about  the 
Washington  Materials  Forum  con¬ 
tact  Jane  Stokes  at  MRS  Headquar¬ 
ters: 

Washington  Materials  Forum 
c/o  Materials  Research  Society 
9800  McKnight  Road 
Pittsburgh,  PA  15237 
Telephone:  (412)  367-3003 
Fax:  (412)367-4373 


1991  PARTICLE  ACCELERATOR 

CONFERENCE 

San  Francisco,  California 

6-9  May  1991 

The  fourteenth  biennial  Particle  Ac¬ 
celerator  Conference  will  be  held  at 
the  Sheraton  Palace  Hotel,  San 
Francisco,  California,  from  6-9  May 
1991.  The  subject  of  the  meeting  will 
be  new  developments  in  the  science, 
technology,  and  use  of  particle  ac¬ 


celerators.  The  conference  is  being 
organized  by  Stanford  Linear  Ac¬ 
celerator  Center'  and  Lawrence 
T  rkeley  Laboratory  under  the 
auspices  of  iEEE.  For  further  infor¬ 
mation,  contact  the  Conference 
Chairman:  Dr.  Matthew  Allen, 
SI. AC,  P.O.  Box  4349,  Stanford,  CA 
94  ■.)9;  telephone  (415)  926-2820; 
BITNET  MATALLEN@SLACVM; 
teleiax:  (415)  926-3654. 

Program 

The  1991  conference  continues  the 
traditi02i  of  providing  a  channel  of 
communications  for  accelerator 
scientists  and  engineers  and  for  per¬ 
sons  concerned  with  the  applications 
of  accelerators.  The  conference  will 
include  invited  oral  presentations 
and  contributed  oral  and  poster  pre¬ 
sentations.  The  topics  to  be  covered 
include  accelerator  technology,  new 
methods  of  acceleration,  low-, 
medium-,  and  high-energy  accelera¬ 
tors  and  rings,  synchrotron  radiation 
sources,  injectors  and  ion  sources, 
beam  dynamics,  and  free  electron 
lasers.  Papers  will  be  published  in 
the  Conference  Record. 

Abstracts  and  Deadline 

The  first  conference  mailing  will  be 
in  June.  All  abstracts  of  invited  and 
contributed  papers  must  follow  the 
rules  of  the  American  Physical  So¬ 
ciety,  as  described  in  the  Bulletin  of 
the  American  Physical  Society.  The 
deadline  for  receiving  abstracts  is 
Monday,  3  December  1990. 
Abstracts  should  be  sent  to  the  Pro¬ 
gram  Chairman,  Dr.  Klaus  Berkner, 
Lawrence  Berkeley  Laboratory,  50- 
149,  1  Cyclotron  Road,  Berkeley, 
CA  94720.  The  accepted  abstracts 
will  be  published  in  the  May  1991  is¬ 
sue  of  the  Bulletin  of  the  American 
Physical  Society. 


Sponsorship 

The  1991  Particle  Accelerator 
Conference  will  be  sponsored  jointly 
by  the  American  Physical  Society, 
Air  Force  Office  of  Scientific  Re¬ 
search,  Defense  Advanced  Research 
Projects  Agency,  Department  of  En¬ 
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ergy-  National  Science  Foundation, 
and  Office  of  Naval  Research. 

SEVENTH  TOPICAL  CONFERENCE 
ON  SHOCK  COMPRESSION 
OF  CONDENSED  MATTER 
Williamsburg,  Virginia 
17-20  June  1991 

The  Seventh  Biennial  Conference  of 
the  American  Physical  Society  Topi¬ 
cal  Group  on  Shock  Compression  of 
Condensed  Matter  will  meet  at  Wil¬ 
liamsburg,  Virginia,  17-20  June 
1991.  The  meeting  will  be  interna¬ 
tional,  with  France,  Great  Britain, 
Israel,  Japan,  People’s  Republic  of 
China,  and  U.S.S.R.  participation 
expected.  The  conference  emphasis 
is  on  the  physics  of  materials  at 
elevated  pressures. 

Submission  of  Abstracts 

We  invite  abstracts  on  the  following: 
New  Fundamental  Research;  Opti¬ 
cal  and  Spectroscopic  Phenomena; 
Elastic-Plastic  Response;  Impact 
and  Penetration  Mechanics;  Static 
High  Pressure  Work;  Experimental 
Techniques;  Geophysical  Materials; 
Fracture;  Shock  Chemistry;  Equa¬ 
tion  of  State;  Theoretical  Studies; 
Numerical  Calculations;  Energetic 
Materials;  Laser  and  Particle  Beam 
Shock;  and  Generators. 

The  abstracts  will  be  published  in  the 
APS  Bulletin  prior  to  the  confer¬ 
ence;  Abstracts  for  invited  and  con¬ 
tributed  papers  must  conform  to  the 
APS  formats  that  are  regularly  pub¬ 
lished  in  the  Bulletin.  The  deadline 
for  abstract  submission  will  be  late 
January  1991.  Proceedings  of  the 
conference  will  be  published. 


Conference  Location 

The  official  conference  hotel  will  be 
the  Williamsburg  Hilton,  where  300 
rooms  have  been  reserved  for  partici¬ 
pants  at  a  single  occupancy  rate 
equaling  the  U.S.  Government 
Department  of  Defense  lodging  rate 
(now  $62.00).  Room  reservations 
will  be  made  through  the  Hilton 
Hotel.  Later  announcements  will  in¬ 
clude  registration  forms  for  the 
conference  and  the  hotel. 


Conference  Committee 

Richard  D.  Dick 
Chairman 

University  of  Maryland 
(301)454-8948 

J.  Stephen  Rottler 
Exhibits 

Sandia  National  Laboratories 

Douglas  G.  Tasker 
Vice-Chairman  and  Local 
Arrangements 

Naval  Surface  Warfare  Center 

Stephen  C.  Schmidt 
Publications 

Los  Alamos  National  Laboratory 

E.  Ray  Lemar 
Finances 

Naval  Surface  Warfare  Center 

Wanda  Morat 
Publications  Assistant 
Naval  Surface  Warfare  Center 

For  information  contact: 

Naval  Surface  Warfare  Center 
Attn:  Wanda  Morat,  E221, 1-370 
1991  APS  Topical  Conference 
on  Shock  Compression 
of  Condensed  Matter 
10901  New  Hampshire  Ave. 

Silver  Spring,  MD  20903-50(X) 

EIGHTH  SYMPOSIUM  ON 
TURBULENT  SHEAR  FLOWS 
Munich,  Federal  Republic  of  Germany 
9-H  September  1991 

The  Eighth  Symposium  on  Tur¬ 
bulent  Shear  Flows  aims  to  advance 
understanding  of  the  physics  of  tur¬ 
bulent  motion  and  capabilities  for 
predicting  momentum,  heat,  and 
mass  transport  processes  in  tur¬ 
bulent  shear  flows  of  engineering  im¬ 
portance. 

Approximately  20  technical  sessions 
are  planned.  Contributed  papers  are 
invited  on  original  work  in  the  fol¬ 
lowing  general  areas: 

Fundamentals:  Measurements,  the¬ 
ories,  and  concepts  that  illuminate 
the  nature  of  turbulence. 

Turbulence  models.  Developments 


in  single  and  two-point  closures; 
large-eddy  and  other  numerical 
simulations. 

Experimental  techniques:  Improved 
experimental  methods  for  single-  and 
two-phase  turbulent  flow. 

Computation  techniques:  Advances 
in  computation  methods  for  single- 
and  two-phase  turbulent  flow. 

Heat  and  mass  transfer:  Develop¬ 
ments  in  scalar  modeling;  related 
measurements  and  calculations. 

Combustion:  Developments  in  mod¬ 
eling  of  turbulent  flames  and  their 
application;  experiments  and  calcu¬ 
lations  of  combusting  flows. 

Applications:  Contributions  to  ap¬ 
plied  turbulent  flows  including  those 
concerned  with  internal  and  external 
aerodynamics,  geophysical  flows, 
and  engineering  processes. 

Abstracts 

Paper  selection  will  be  based  upon  a 
review  of  extended  abstracts  of  ap¬ 
proximately  1000  words  which 
should  be  double-spaced  and  state 
clearly  the  purpose,  results,  and  con¬ 
clusions  of  the  work,  with  support¬ 
ing  figures  as  appropriate.  Five 
copies  of  the  abstract  should  be  sub¬ 
mitted  to:  Professor  F.  W.  Schmidt, 
Secretary,  Turbulent  Shear  Flows, 
Department  ’  of  Mechanical  En¬ 
gineering,  The  Pennsylvania  State 
University,  University  Park,  PA 
16802;  telephone:  814-865-2072;  fax: 
814-863-4848. 

Deadlines 

Final  date  for  receipt  of  abstracts: 
15  November  1990.  Authors  in¬ 
formed  concerning  acceptance:  15 
March  1991.  Final  date  for  receipt 
of  camera-ready  manuscript:  31 
May  1991. 

1991  INTERNATIONAL 
CONFERENCE  ON  ION  SOURCES 
Darmstadt,  Federal  Republic  of  Germany 
30  September  1991-4  October  1991 

The  1991  International  Conference 
on  Ion  Sources  (ICIS’9I)  will  be 
organized  by  the  Gesellschaft 
fur  Schwerionenforschung  (GSI), 
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Darmstadt,  Federal  Republic  of 
Germany.  The  conference  will  be 
held  during  th^  first  weeu  of  October 
1991. 

The  aim  of  the  conference  is  to  en¬ 
courage  interest  in  the  various  areas 
of  ion  source  cpplicati  ^ns  and  to 
promote  the  exchange  of  ideas  and 
theories  on  ion  sources. 

Contributed  and  review  papers  will 
be  presented  from  such  areas  as  ion 
implantation,  isotope  separation, 
neutral  beams  for  controlled  fusion, 
light  and  heavy  ion  inertial 
confinement  fusion,  space  propul¬ 
sion,  particle  accelerator  injection, 
lithograph>,  surface  analysis,  and 
other  basic  and  applied  fields. 


The  emphasis  will  be  on  ion  sources 
and  not  on  specific  applications. 
General  technological  problems  of 
all  of  the  above  areas  will  be  re¬ 
viewed.  A  half-day  will  be  reserved 
for  parallel  meetings  for  those  from 
various  fields  and  will  be  organized 
by  one  of  the  specialists  attending. 

The  precioc  location  is  yet  to  be 
fixed,  but  will  probably  be  at 
Bensheim,  about  halfway  between 
Darmstadt  and  Heidelberg,  about  50 
miles  south  of  Frankfurt. 

A  first  announcement  and  call  for 
papers  will  be  sent  out  shortly.  For 
further  information  and  for  in- 
clusii  n  on  the  mailing  list,  contact 
the  conference  chairman; 


Dr.  Bernard  Wolf 
GSI 

Postfach  110552 
6100  Darmstadt  11 
Federal  Republic  of  Germany 
Telephone.  (49)  (6151).359320 
Fax:  (49)  (6151)359785. 

Email;  UL13@ddagsi3.Bitnet 

FOURTH  EUROPEAN 
CONFERENCE  ON 
APPLICATIONS  OF 
SURFACE  AND  INTERFACE 
ANALYSIS 
Budapest,  Hungary 
14-18  October  1991 

Aims  and  Scope 

ECASIA  91  is  the  fourth  interna¬ 
tional  conference  of  a  series  to  be 


Access  Routes  and  Links 

By  air:  Terminal  1  of  Ferihegy  Airport  is  22  km  and  Terminal  2  is  28 
km  from  the  Centre.  The  town  center  terminal  for  airport  coaches,  in 
Engels  ter,  is  3  km  away. 

By  rail:  All  the  railway  stations  in  Budapest  are  in  easy  reach.  It  is  live 
minutes  to  the  Deli  (Budapest  South)  and  20  minutes  to  the  Nyugati 
(Budapest  West)  and  the  Keleti  (Budapest  East)  stations. 

By  road:  The  Centre  has  access  to  the  M7  motorway  and  it  is  near  to 
the  international  mainroads. 


ECASIA  91  Phone:  (36)-52-16181 

MTAATOMKI  Telex:  72210  (atom  h) 

Pf.51.  Fax:  (36)-52-16l81 

H-4001  Debrecen 
Hungary 


REPLY  FORM 

I  am  interested  in  ECASIA  91  and  would  like  to  receive  the  second 
circular. 

Name: _ _ _ 

Title: _ 

Institution/Company:  — _ 


Street: _ 

City:  _ _ _ Zip  code: 

Country; _ _ _ 

Phone: _ Telex:  _ 

Fax: _ _ _ 

I  may  be  able  to  submit  a  paper  on  the  following  topic: 


Please  send  the  second  circular  also  to: 

Name: _ 

Address; _ 
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held  biannually  in  various  European 
countries.  Its  main  purpose  is  to 
bring  together  users,  theoreticians, 
and  suppliers  of  surface  analytical 
equipment. 

ECASIA  91  will  be  a  place  for  truly 
international  exchange  of  informa¬ 
tion  about  the  application  of 
different  techniques  to  the  solution 
of  surface  and  interface  related  prob¬ 
lems.  Plenary  and  keynote  lectures, 
oral  presentations  in  parallel  ses¬ 
sions,  poster  contributions,  and  a  full 
instrument  exhibition  will  constitute 
the  scientific  program. 

ECASIA  91  will  encourage  contribu¬ 
tions  on: 


•Applications  of  surface  and  inter¬ 
face  analytical  techniques  and 
methods  to  technological  and  indus¬ 
trial  problems,  such  as  metallurgy, 
corrosion,  coatings,  ceramics, 
glasses,  mineralogy,  polymers,  ca¬ 
talysis,  microelectronics,  supercon¬ 
ductors,  adhesion,  tribology  and 
wear,  biomedical,  and  environmental 
studies. 

•New  developments  in  surface  and 
interface  analytical  Techniques  (in¬ 


struments  and  experimental 
methods)  and  related  microanalyti- 
cal  methods. 

•Progress  in  the  Quantification  and 
related  problems  such  as  calibration, 
data  analysis,  and  interpretation. 

An  abstract  booklet  will  be  given  to 
the  participants  at  the  opening  of  the 
conference.  Conference  proceedings 
will  be  issued  in  the  form  of  a  special 
volume  of  Surface  and  Interface 
Analysis. 

The  conference  language  is  English. 


Second  Circular 

The  second  circular  with  the  list  of 
invited  speakers  and  call  for  papers 
will  be  mailed  in  November  1990  to 
those  returning  the  reply  form  on 
page  1623. 

This  conference  is  organized  by  the 
Institute  of  Nuclear  Research  of  the 
Hungarian  Academy  of  Sciences 
(MTA  ATOMKI)  and  the  Austrian 
Society  for  Microchemistry  and 
Analytical  Chemistry. 


Organizing  Committee 

Chairmen:  D.  Berenyi 

Debrecen,  Hungary 
M.  Grasserbauer 
Wien,  Austria 
Secretary:  L.  Kover 

Debrecen,  Hungary 

Venue 

The  Budapest  Convention  Centre 
(BCC)  building  connected  to  the 
four-star  Hotel  Novotel  is  situated  in 
an  old  chestnut  park  in  the  green- 
belt  area  of  the  beautiful  capital  Bu¬ 
dapest,  offering  ideal  and  peaceful 
surroundings  and  advanced  facilities 
for  holding  international  confer¬ 
ences.  The  Centre  is  only  a  few 
minutes  from  both  the  city  center 
and  the  Buda  castle  area,  which  is 
rich  in  cultural  and  historical  monu¬ 
ments,  churches,  museums,  etc. 

Contact  Address: 

ECASIA  91 
MTA  ATOMKI 
Pf.51 

H-4(X)1  Debrecen 
Hungary 

Phone:  (36).52-16181 
Telex:  72210  (atom  h) 

Fax:  (36)-52-16181 


Announcements  of  Affiliated  Societies 


1990  SECTIONAL  MEETINGS 
OF  THE  PHYSICAL  SOCIETY 
OF JAPAN 

Members  of  The  American  Physical 
Society  are  welcome  to  present  their 
original  papers  at  the  1990  Sectional 
Meetings  of  the  Physical  Society  of 
Japan,  which  are  to  be  held  as  fol¬ 
lows: 


1st  Sectional  Meeting 

Date-  Sunday,  30  September- 
Wednesday,  3  October  1990 


Location:  Nara  Women’s  Universi¬ 
ty,  Nara-shi,  Nara-ken 

Sections  involved:  Elementary  Par¬ 
ticle  Theory;  Elementary  Particle 
Experiments;  Nuclear  Theory;  Nu¬ 
clear  Experiments;  Cosmic  Rays 


2nd  Sectional  Meeting 

Date:  Tuesday,  2  October-Friday, 
5  October  1990 

Location.  University  of  Gifu,  Gifu- 
shi,  Gifu-ken 


Sections  involved.  Radiation  Phys¬ 
ics;  Crystal  Growth;  Lattice  Defects; 
Dielectrics;  Semiconductors;  Ionic 
Crystals  and  Optical  Properties; 
Molecular  Crystals,  Organic  Semi¬ 
conductors  and  Liquid  Crystals; 
Atoms  and  Molecules;  Quantum 
Electronics;  Magnetism;  Magnetic 
Resonance;  Metals;  Surfaces;  Low 
Temperature;  Statistical  Mechanics 
and  Basic  Theory  of  Condensed 
Matter;  X  Rays  and  Corpuscular 
Beams;  High  Polymers;  Biophysics; 
Applied  Mathematics,  Mechanics 
and  Fluid  Physics;  Discharges;  Plas¬ 
ma  Physics  and  Nuclear  Fusion; 
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Acoustics  and  Phonon  Properties; 
Physics  Education;  History  of  Phys¬ 
ics 

Presentations  of  papers  at  the  meet¬ 
ings  of  The  Physical  Society  of  Japan 
by  members  of  The  American  Physi¬ 
cal  Society  are  subject  to  the  same 
rules  as  for  members  of  The  Physical 
Society  of  Japan,  in  accordance  with 
the  agreement  between  these  two  or¬ 
ganizations. 

All  inquiries  for  detailed  information 
about  these  Sectional  Meetings 
should  be  addressed  to: 


The  Physical  Society  of  Japan 
Room  211,  Kikai-Shinko  Building 
3-5-8,  Shiba-Koen,  Minato-ku 
Tokyo  105,  Japan 

1991  SECTIONAL  MEETINGS 
OF  THE  PHYSICAL  SOCIETY 
OF JAPAN 

Held  in  late  March  and/or  early 
April  1991. 

1st  Sectional  Meeting:  Science 
University  of  Tokyo, 

Shinjuku-ku,  Tokyo 
2nd  Sectional  Meeting:  Gakushuin 
University,  Toshima-ku,  Tokyo 


1991  ANNUAL  MEETING 
OF  THE  PHYSICAL  SOCIETY 
OF JAPAN 

Held  in  late  September  and/or  early 
October  1991  at  Hokkaido  Universi¬ 
ty,  Sapporo-shi,  Hokkaido. 

All  inquiries  for  detailed  information 
about  these  Meetings  should  be  ad¬ 
dressed  to: 

The  Physical  Society  of  Japan 
Room  211,  Kikai-Shinko  Building 
3-5- '  Shiba-Koen,  Minato-Ku 
Tokyo  105,  Japan 

Tel.  (03)  434-2671 


NOTICE  FROM  THE  PHYSICAL  SOCIETY  OF  JAPAN 


Members  of  the  American  Physical  Society  may  subscribe  to  the  Journal  of  the  Physical  Society  of  Japan  at  the  same 
rates  as  for  members  of  the  Physical  Society  of  Japan,  in  accordance  with  the  Agreement  between  the  two  Societies  con¬ 
cerned.  Annual  member  rates  for  subscription  to  Vol.  59  (1990)  of  the  Journal  of  the  Physical  Society  of  Japan  are  as  fol- 


lows: 

Address 

Japan 

Asia 

USA 

Europe 

Mail 

(except  Japan  &  USSR), 
Australia,  New  Zealand, 
and  Oceania 

(including  Alaska  & 
Hawaii),  Canada,  and 
Central  America 

(including  USSR), 
Africa,  Middle  East, 
and  South  America 

Surface 

V  9,000 

¥  14,000 

¥  14,000 

¥  14,000 

Air 

¥  30,600 

¥  34,800  ' 

¥  39,000 

All  inquiries  for  subscriptions  should  be  addressed  to:  The  Physical  Society  of  Japan,  Room  211, 
Kikai-Shinko  Building,  3-5-8,  Shiba-Koen,  Minato-ku,  Tokyo  105,  Japan. _ 
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Slip  AntPrif  an  ptyatral  ^nriPty 

INDUSTRIAL  SUMMER 
INTERN  PROCRAM—1991 


DESCRIPTION: 


QUALIFICATIONS 
OF  APPLICANTS: 


STIPEND: 


SELECTION 

PROCEDURE: 


INDUSTRIAL 

ORGANIZATIONS: 


APPLICATION 

PROCEDURE: 


FOR  FURTHER 
INFORMATION: 


The  American  Physical  Society  industrial  Summer  Intern  Program  is  another 
phase  of  the  Society’s  efforts  to  increase  the  coupling  between  the  academjc 
and  industrial  members  of  the  physics  community,  it  provides  an  oppprtunity 
for  well-qualified  physics  students  to  spend  time  in  an  industrial  environment 
during  the  summer  months. 

Any  senior  undergraduate  or  graduate  student  in  physics  may  apply.  Appli¬ 
cants  should  expect  to  spend  the  period  June  through  August  as  an  intern 
and  to  participate  in  existing  projects  in  the  host  laboratory.  Since  the  pro¬ 
gram  is  competitive,  applicants  should  have  good  academic  records  and  a 
high  degree  of  motivation,  and  should  present  evidence  of  some  research  or 
technical  experience. 

The  stipend  for  interns  will  be  about  $2,000  per  month,  varying  somewhat 
with  each  industrial  company.  Provision  for  relocation  expenses  and  fringe 
benefits  will  be  made  according  to  the  practice  of  each  host  laS;  oratory. 

A  review  committee  appointed  by  the  APS  President  will  screen  all  completed 
applications  in  hand  on  31  October  1990.  The  files  of  appropriately  qualified 
applicants  will  be  distributed  to  research  managers  at  the  industrial  labora¬ 
tories  which  have  asked  to  participate  in  the  program.  Those  companies 
who  choose  to  do  so  will  offer  internships  directly,  to  the  students  whom 
they  have  selected  from  the  pool,  the  Society  will  not  participate  in  the 
negotiations  for  any  particular  appointment.  It  is  expected  that  negotiations 
will  be  completed  on  or  about  3  April  1991. 

industrial  organizations  interested  in  participating  in  this  Internship  Program, 
are  invited  to  contact  the  Program  Administrator.  No  commitment,  other  than 
willingness  to  consider  appropriately  qualified  interns,  is  required  before 
resumes  are  distributed.  Interns  are  expected  to  give  the  guarantees  with 
respect  to  patents  and  proprietary  information  ordinarily  required  of  a!|  tech 
nicai  personnel  in  a  given  laboratory. 

Applicants  should  complete  and  return  the  application  form  and  arrange  lo 
have  two  letter-of-reference  forms  in  addition  to  the  chairman’s  endorsement 
form  sent  to  the  Program  Administrator.  Transcripts  may  be  included  with 
the  application  form  or  sent  to  the  Program  Administrator  by  the  school. 
Completed  applications  and  supporting  material  must  be  received  by  31  Oc¬ 
tober  1990.  COPIES  OF  ALL  FORMS  ARE  AVAILABLE  IN  THE  OFFICE  OF 
THE  CHAIRMAN  OF  YOUR  DEPARTMENT  OR  BY  WRITING  DIREC11.Y  TO  THE 
ADDRESS  BELOW. 

Summer  Intern  Program  Administrator 
The  American  Physical  Society 
335  East  45th  Street 
New  York,  NY  10017 
(212)  682-7341 


DEADLINE  FOR  RECEIPT  OF  COMPLETED  APPLICATIONS  IS  31  OCTOBER  1990. 
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altr  Aniprirau  JHufstral  0nrirti} 

Program  of 

CORPORATE  SPONSORED  SCHOLARSHIPS  FOR 
MINORITY  UNDERGRADUATE  STUDENTS 
WHO  MAJOR  IN  PHYSICS 


TWELFTH  ANNUAL  COMPETITION,  1991-1992 


Purpose: 


Sponsorship: 


Qualifications: 


Stipend: 


Selection 

Procedure: 


Host 

Institutions: 


Application 

Procedure: 


For  Further 
Information: 


The  American  Physical  Society  Committee  on  Minorities  in  Physics,  in  collaboration 
with  the  Corporate  Associates  of  the  American  Institute  of  Physics,  has  organized  this 
scholarship  program  for  minority  undergraduate  students  in  physics.  The  purpose  of 
this  program  is  to  increase  significantly  the  level  of  underrepresented  minority  partici¬ 
pation  in  physics  in  this  country. 

Each  scholarship  will  be  sponsored  by  a  corporation,  and  will  normally  be  designated 
?-  the  “(Sponsor/APS)  Scholarship  for  Minority  Undergraduate  Students  in  Physics  at 
(host  College)."  Corporations  may  and  do  sponsor  more  than  one  scholarship.  The 
scholarship  funds  are  donated  by  the  sponsoring  corporation  to  The  American  Physical 
Society,  which  administers  the  scholarship  awards. 

Any  Black,  Hispanic,  or  American  Indian  U.S.  citizen  who  is  majoring  or  plans  to  ma¬ 
jor  in  physics  and  who  is  a  high  school  senior  or  college  freshman  or  sophomore  is 
qualified  to  apply.  The  scholarships  are  limited  to  assist  students  who  are  majoring  in 
physics  in  their  freshman,  sophomore,  or  junior  years  of  college. 

Each  scholarship  for  the  academic  year  1991-1992  consists  of  S2,000  awarded  to  the 
student  for  tuition,  room,  or  board,  and  SSOO  awarded  to  each  college  or  university 
physics  department  that  hosts  one  or  more  APS  minority  undergraduate  scholars.  The 
scholarship  may  be  renewed  one  lime.  Renewal  is  granted  with  the  approval  of  the 
APS  Selection  Committee,  the  host  institution,  and  the  corporate  .sponsor. 

A  Selection  Committee  of  the  APS  Committee  on  Minorities  in  Physics  and  appointed 
by  the  APS  President  will  select  the  scholarship  rejipients  and  match  the  recipient 
with  an  available  scholarship  from  a  host  corporate  sponsor.  The  Selection  Committee 
will  provide  an  accomplished  physicist  as  a  mentor  for  each  scholarship  recipient. 

Students  and  prospective  students  from  all  U.S.  cuiicges  and  universities  are  eligible  to 
apply  for  an  APS  minority  undergraduate  scholarship.  It  is  the  intention  of  the  Selec¬ 
tion  Committee  to  give  approximately  half  the  awards  to  students  in  institutions  with 
historically  or  predominantly  Black,  Hispanic,  or  American  Indian  enrollment  and  the 
other  half  to  students  in  other  colleges  and  universities. 

Applicants  should  submit  a  completed  application  form,  with  a  personal  statement,  to 
APS  for  receipt  prior  to  the  deadline  of  February  25,  1991.  Three  completed  REFER¬ 
ENCE  FORMS,  and  a  copy  of  applicant's  high  school  records  should  be  mailed  direct¬ 
ly  to  the  APS  Office.  College  undergraduates  should  send  academic  records  from  both 
high  school  and  college  directly  to  the  APS  office.  The  deadline  for  receipt  of  all 
references  and  transcripts  is  February  25.  1991. 

.APPLICATION  FORMS,  REFERENCE  FORMS,  and  other  information  about  this 
program  may  be  obtained  from: 

APS  Minorities  Scholarship  Program 
The  American  Physical  Society 
335  East  45th  Street 
New  York,  NY  10017-3483 
(212)  682-7341 

DEADLINE  FOR  RECEIPT  OF  COMPLETED  APPLICATIONS  IS  25  FEBRUARY  1991. 
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Summary  of  Physics  and  Astronomy 
Classification  Scheme — 1990 


00.  GENERAL 

01.  Communication,  education,  history, 
and  philosophy 

02.  Mathematical  methods  in  physics 

03.  Classical  and  quantum  .nhysics;  mechanics  and 
fields 

04.  Relativity  and  gravitation 

05.  Statistical  physics  and  thermodynamics 

06.  Measurement  science,  general  laboratory 
techniques,  and  instrumentation  systems 

07.  Speci'’c  instrumentation  and  techniques 
of  general  use  in  physics 

10.  THE  PHYSICS  OF  ELEMENTARY  PARTICLES 
AND  FIELDS 

1 1 .  General  theory  of  fields  and  particles 

1 2.  Specific  theories  and  interaction  models; 
particle  systematics 

1 3.  Specific  reactions  and  phenomenology 

1 4.  Properties  of  specific  particles  and  resonances 

20.  NUCLEAR  PHYSICS 

21.  Nuclear  Structure 

23.  Radioactivity  and  electromagnetic  transitions 

24.  Nuclear  reactions  and  scattering;  general 

25.  Nuclear  reactions  and  scattering;  specific 
reactions 

^ ' .  Properties  of  specific  nuclei  listed  by  mass 
ranges 

28.  Nuclear  engineering  and  nuclear  power  studies 

29.  Experimental  methods  and  instrumentation 
for  elementary-particle  and  nuclear  physics 

30.  ATOMIC  AND  MOLECULAR  PHYSICS 

31 .  Electronic  structure  of  atoms  and  molecules; 
theory 

32.  Atomic  spectra  and  interactions  with  photons 

33.  Molecular  spectra  and  interactions  of 
molecules  with  photons 

34.  Atomic  and  molecular  collision  processes 
and  interactions 

35.  Experimentally  derived  information  on  atoms 
and  molecules;  instrumentation  and  techniques 

36.  Studies  of  special  atoms  and  molecules 

40.  FUNDAMENTAL  AREAS  OF  PHENOMENOLOGY 
(INCLUDING  APPLICATIONS) 

41 .  Electricity  and  magnetism;  fields  and 
charged  particles 

42.  Optics 

43.  Acoustics 

44.  Heat  transfer,  thermal  and  thermodynamic 
processes 

46.  Classical  mechanics  and  rheol'.gy 

47.  Fluid  dynamics 

50.  FLUIDS,  PLASMAS,  AND  ELECTRIC  DISCHARGES 

51 .  Kinetic  and  transport  theory  of  fluids; 
physical  properties  of  gases 

52.  The  physics  of  plasmas  and  electric  discharges 


60.  CONDENSED  MATTER:  STRUCTURE, 

MECHANICAL  AND  THERMAL  PROPERTIES 

61 .  Structure  of  liquids  and  soiids;  crystallography 

62.  Mechanical,  acoustical,  and  rheological  properties, 
of  condensed  matter 

63.  Lattice  dynamics  and  crystal  statistics 

64.  Equations  of  state,  phase  equilibria,  and  phase 
transitions 

65.  Thermal  properties  of  condensed  matter 

66.  T ransport  properties  of  condensed  matter 
(nonelectronic) 

67.  Quantum  fluids  and  solids;  liquid  and  solid 
helium 

68.  Surfaces  and  interfaces;  thin  films  and  whiskers 
(structure  and  nonelectronic  properties) 

70.  CONDENSED  MATTER:  ELECTRONIC 
STRUCTURE,  ELECTRICAL,  MAGNETIC, 

AND  OPTICAL  PROPERTIES 

71.  Electron  states 

72.  Electronic  transport  in  condensed  matter 

73.  Electronic  structure  and  electrical  properties 
of  surfaces,  interfaces,  and  thin  films 

74.  Superccnductivity 

75.  Magnetic  properties  and  materials 

76.  Magnetic  resonances  and  relaxations 
in  condensed  matter;  Moss.bauer  effect 

77.  Dieiectric  properties  and  materials 

78.  Optical  properties  and  condensed-matter 
spectroscopy  and  other  interactions  of  matter 
with  particles  and  radiation 

79.  Electron  and  ion  emission  by  liquids  and  solids; 
impact  phenomena 

80.  CROSS-DISCIPLINARY  PHYSICS  AND  RELATED 
AREAS  OF  SCIENCE  AND  TECHNOLOGY 

81.  Materials  science 

82.  Physical  chemistry 

*84.  Electromagnetic  technology 

*85.  Electrical  and  magnetic  devices 

87.  Biophysics,  medical  physics,  and  biomedical 
engineering 

*89.  Other  areas  of  research  of  general  interest 
to  physicists 

90.  GEOPHYSICS,  ASTRONOMY,  AND  ASTROPHYSICS 

91.  Solid  Earih  physics 

92.  Hydrospheric  and  atmospheric  geophysics 

93.  Geophysical  observations,  instrumentation, 
and  techniques 

94.  Aeronomy  and  magnetospheric  physics 

95.  Fundamental  astronomy  and  astrophysics; 
instrumentation,  techniques,  and 
astronomical  observations 

96.  Solar  system 

97.  Stars 

98.  Stellar  systems;  galactic  and  extragalactic 
objects  and  systems;  the  Universe 

'APPENDICES 

02.  Mathematical  methods  in  physics 

43.  Acoustics 


*These  sections  are  outside  the  ICSTI  Internaticnai  Classification  for  Physics 
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Submission  of  Abstracts 


REVISED  INSTRUCTIONS  FOR  THE  SUBMISSION  OF 
ABSTRACTS  FOR  CONTRIBUTED  PAPERS  AUGUST  1989 

Please  note  that  these  rules  apply  to  all  eontributed  abstracts  that  are 
to  be  published  in  the  Bulletin  of  the  American  Physical  Society,  not  just 
those  submitted  for  piesenlaUon  at  General  Meetings  of  the  Society. 

I.  SUBMISSION  OF  ABSTRACTS 

A.  Submitting  abstracts.  Contributed  abstracts  must  be  submitted  by  a 
member  in  good  standing  of  The  American  Physical  Society.  This  in¬ 
cludes  new  member.''  vhos^  completed  application  for  membershr  and 
payment  of  the  first  year's  dues  are  in  the  APS  office  at  the  time  of  the 
submission  of  the  abstract.  Each  abstract  must  be  signed  by  the 
member  in  the  lower  right  hand  corner  at  the  abstract,  with  the 
member's  name  and  address  printed  below  the  signature.  The  name  of 
the  submitter  must  be  appear  either  as  a  co-author  in  the  text  of  the 
abstract  or  as  a  footnote  thusly  ^Submitted  by  tMEMBER'S  NAME). 

B  B’/icTt  lu  iciid  ubslrucrs  Send  the  original  and  two  copies  to  the  ad- 
dicss  indicated  in  the  announcement  of  the  meeting  for  which  you  arc 
submitting  the  abstract.  Abstracts  for  General  Meetings  of  the  Society 
should  be  sent  to  the  Executive  Secretary  of  the  Society  at  the  APS 
headquarters  office. 

C  .iLknoaledgment  uf  retcipt  of  itbsiruets.  For  General  Meetings  of 
the  APS,  if  you  wish  to  be  contacted  when  your  abstract  is  received, 
jju  must  include  a  self  addressed  stamped  envelope  or  postcard  with 
your  abstract.  We  cannot  acknowledge  receipt  of  abstracts  unless  this 
is  done.  Acknowledgment  of  receipt  docs  not  guarantee  acceptance  of 
the  abstract  into  the  program,  only  that  the  submission  was  received. 

D  Deadlines.  All  deadlines  are  firm.  Deadlines  dates  are  published  in 
the  announcements  of  the  meetings,  as  well  as  the  inside  back  cover  of 
the  Bulletin  Abstracts  reectved  after  the  published  deadline  date  will 
not  be  included  in  the  regular  program.  If  the  meeting  for  which  you 
are  submitting  an  abstract  has  a  postdeadline  program,  please  be  cog- 
nuaiit  of  the  rules  which  govern  postdeadline  submissions  for  that  par¬ 
ticular  meeting.  The  APS  is  not  responsible  for  late  submissions  due  to 
mail  difficulties  The  APS  recommends  that  you  mail  your  abstract  at 
least  two  weeks  prior  to  the  deadline  date,  unless  you  are  using  an  ex¬ 
press  mail  courier. 

II.  PREPARATION  OF  AN  ABSTRACT 

A.  Size.  Bulletin  copy  is  prepared  by  direct  photoreproduction  (at 
1\%)  of  the  typescript  submitted.  To  conform  with  this  and  other 
printing  requirements,  the  abstract  must  fit  into  a  rectangle  that  mea¬ 
sures  12-cm-wide  by  10.5-cm-long  This  space  must  include  the  title  of 
the  abstract,  the  author's  names  and  affiliations,  and  all  footnotes  and 
references  (See  the  example  on  the  next  page.)  If  you  wish  to  draw  a 
guide  on  the  paper,  please  use  a  nonreprodueible  light  blue  pencil. 
Please  do  not  use  any  other  color — a  light  blue  rectangle  will  not 
reproduce.  Do  not  exceed  the  margins  of  12-cm-widc  by  10.5-cm-long. 
Abstracts  that  arc  wider  or  longer  will  be  rejected.  'Vou  may  acquire  a 
limited  supply  of  preprinted  abstract  forms  by  sending  a  scIFaddressed 
stamped  envelope  to  the  Meetings  Department  of  the  APS. 

B.  Style.  Indent  the  first  line  of  the  abstract  8  spaces,  so  that  the  time 
of  presentation  and  the  paper  number  may  be  inserted  during  printing. 
Underline  the  title.  Type  each  author's  name  in  capital  letters.  Then 
abbreviate  and  underline  the  author's  affiliaiion.  Place  a  dash  between 
the  affiliations  and  the  beginning  of  the  text  of  the  abstract.  To  con- 
seivc  space  in  the  printed  program,  the  entire  abstract  tinduding  title, 
authoi's  names,  author's  affiliation,  and  text;  should  piocced  in  a  con¬ 
tinuous  fashion  within  the  specified  rectangle.  However,  please  skip 
one  line  between  the  text  uf  the  abstract  and  any  footnotes  and  refer¬ 
ences  that  would  appear  after  the  text. 

C  Ri.prodiii.tibilily.  It  is  e.sscntial  for  all  concerned  that  the  abstract 
be  readable  Please  usC  a  highly  contrasting  black  ribbon  or  printer  on 
white  paper.  Since  all  abstracts  arc  photographed  as  is,  program  com¬ 


mittees  may  reject  paper  that  they  deem  illegible.  Please  be  sure  that 
your  original  abstracts  as  well  as  the  coptes  are  legible.  Please  be  aware 
that  photographs  do  not  reproduce  particularly  well.  No  special  ar¬ 
rangements  can  be  made  for  reproduction  of  photographs. 

D.  Electronic  submission  of  abstracts.  Because  of  the  above  mentioned 
concerns  as  regards  reproducibility,  as  well  as  time  considerations,  no 
abstract  submitted  by  electronic  mail  (telemail,  FAX,  etc.)  will  be  ac¬ 
cepted  for  APS  meetings. 

E.  Special  symbols.  If  special  scientific  symbols  are  not  available  on 
the  typewriter,  they  may  be  inserted  using  black  ink.  Please  be  aware 
of  reproducibility  requirements.  Consult  the  current  edition  of  the 
American  Institute  of  Physics  Style  Manual  for  standard  symbols  and 
abbreviations.  The  Style  Manual  can  be  purchased  through  AIP  by 
writing  AIP  at  335  East  45th  Street,  New  York,  NY  I(X)17. 

F.  Indexing.  Different  Divisions,  Sections,  and  Topical  Groups  may 
use  different  categorizing  schemes  and  instructions  for  sorting  their 
abstracts  and  placing  them  in  appropriate  sessions.  For  General  Meet¬ 
ings  of  the  APS,  place  the  category  number  in  the  upper  right  and  an 
appropriate  session  title  in  the  upper  left.  (See  example  on  the  next 
page.)  For  the  Spring  Meeting,  the  categories  are  listed  in  the  “Short¬ 
hand  Version”  of  the  Physics  and  Astronomy  Classification  Scheme, 
published  periodically  in  the  Bulletin.  For  the  March  Meeting,  the 
categories  are  listed  m  the  March  Meeting  Contributed  Abstract  Form, 
also  published  periodically  in  the  Bulletin.  If  there  is  a  particular  per¬ 
son  that  would  be  a  good  chairperson  for  the  session  in  which  the  pa¬ 
per  would  be  presented,  it  should  be  suggested  below  the  submitting 
member's  signature. 

G.  Corrections.  Authors  should  note  that  no  corrections  of  any  kind 
can  be  made  on  the  abstract  by  the  office  that  has  received  it.  Any  er¬ 
rors  111  format,  size,  reproducibility,  or  style,  will  cause  the  abstract  to 
be  rejected  under  the  above  guidelines.  A  typographical  or  substantive 
error  can  be  corrected  only  by  sending  a  correcteu  version  of  the 
abstract  to  the  office  which  received  the  original  abstract.  The  deadline 
for  such  corrections  is  dependent  on  the  production  schedule  of  the 
program,  and  should  be  obtained  by  calling  the  appropriate  office  han¬ 
dling  the  particular  meeting.  In  the  case  of  General  Meetings  of  the 
Society,  contact  the  Meetings  Department  of  the  APS.  A  copy  of  the 
original  abstract,  clearly  labeled  as  such,  must  be  enclosed  with  the 
corrected  version  of  the  abstract,  and  two  copies  of  the  corrected  ver¬ 
sion.  No  guarantees  are  made  for  replacing  the  original  abstract  with 
the  corrected  version  after  the  abstract  deadline  date  has  passed. 

//.  Withdrawals.  An  abstract  can  be  withdrawn  any  time  prior  to  the 
abstract  deadline  date,  if  the  withdrawal  is  submitted  in  writing  to  the 
appropriate  office  that  is  handling  the  program.  After  the  deadline, 
withdrawing  an  abstract  is  dependent  on  the  production  schedule  of  the 
program.  As  above,  the  request  must  be  in  writing.  No  guarantees  are 
made  for  withdrawal  of  an  abstract  from  the  printed  program  after  the 
abstract  deadline  date. 


III.  PRESENTATION 

A.  Speaker.  The  first  author  listed  in  the  abstract  is  expected  to 
present  the  paper  at  the  meeting,  and  is  considered  to  be  the  speaker 
for  the  purposes  of  presentation. 

B.  Multiple  papers.  If  the  same  person  is  the  first  author  on  more  than 
one  paper  submitted  for  presentation  at  an  APS  meeting,  only  one  pa¬ 
per  will  be  accepted  for  presentation  in  a  standard  oral  session  at  an 
APS  meeting.  If  the  Executive  Secretary  (or  the  program  chairperson 
fur  that  particular  meeting)  desires,  he  may  arbitrarily  place  one  paper 
in  a  standard  oral  session,  and  assign  the  remaining  paper  to  the  sup¬ 
plementary  part  of  the  program,  or  to  a  poster  session.  Any,  or  all,  of 
the  additional  papers  may  be  rejected.  An  author  may  designate  which 
paper  he  cunsiders  to  be  the  primary  paper  and  which  paper  he  wishes 
to  be  the  supplementary  paper. 
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C.  Supplcmeitiury  papcn.  Supplemeiilarj'  paperb  that  have  been  in- 
eludcii  111  the  regular  program  may  be  prebcnted  in  a  blundard  oral  ves- 
sion,  time  permitting,  and  at  the  discretion  of  the  chairperson  of  that 
session.  Except  in  rare  instances,  designated  by  the  program  committee 
or  the  Executive  Secretary,  a  speaker  will  only  be  permitted  to  present 
one  primary  paper  and  one  supplementary  paper. 

D.  ChotLe  uf  prciiiiuuuon.  Instructions  regarding  the  placement  of  an 
abstract  in  a  poster  session,  in  an  oral  session,  for  presentation  on  a 
particular  day,  or  following  or  preceding  other  abstracts,  will  be 
honored  to  the  best  of  the  ability  of  the  program  committees.  Please 
indicate  these  requests  on  the  bottom  of  the  abstract  itself  and  not  on  a 
covering  letter  or  under  separate  cover.  If  the  instructions  regard  the 
ordering  of  several  abstracts,  the  instructions  should  appear  on  all 
abstracts.  If  the  author  does  not  indicate  a  preference,  the  program 
committee  will  place  the  abstract  in  whichever  session  appears  to  be 
most  appropriate. 

E.  Audio-visual  requirements.  At  General  Meetings  of  the  Society, 
overhead  projectors  arc  provided  for  each  contributed  session.  No 
audio-visual  equipment  is  provided  for  poster  sessions.  If  you  require 
additional  audio-visual  equipment  at  a  General  Meeting  of  the  Society, 
please  indicate  such  needs  in  writing  under  separate  cover  to  the  APS 
Meetings  Department.  You  will  be  required  to  pay  a  rental  free  for  ad¬ 
ditional  equipment. 

F.  Poster  papers.  Please  be  aware  that  poster  presentations  should  be 
devised  so  that  a  number  of  people  may  view  the  presentation  at  one 
time.  Please  pay  particular  attention  to  the  production  of  effective 
visuals.  Type  and  figure  size  should  be  appropriate  for  communication 
with  groups  of  people  gathered  around  the  poster  board.-  The  display 
and  text  should  carry  the  message  without  requiring  additional  com¬ 


ment.  The  size  of  the  poster  board  can  be  found  in  the  Preamble  to 
most  meeting  programs.  Please  clear  the  board  promptly  at  the  end  of 
the  session. 

IV.  POSTDEADLINE  PAPERS 

Abstracts  received  after  the  published  deadline  date  cannot  be  included 
in  the  regular  program  Abstracts  placed  in  postdeadline  sessions  are 
not  published  In  the  program  of  the  meeting.  They  may  be  published 
in  a  future  issue  of  the  BulUtin  if  the  program  committee  of  that  meet¬ 
ing  so  decides  Postdeadline  abstracts  are  subject  to  all  of  the  above 
guidelines  Please  be  eognizant  of  the  other  rules  regarding  postdead¬ 
line  submission  of  abstracts  for  each  individual  meeting. 

QUICK  REFERENCE— CONTRIBUTED  ABSTRACT  FORM 

*  12  cm  by  10.5  cm  (4|  in.  by  4|  in.). 

*  Submitted  by  an  APS  member — signature,  name,  and  address  in 
lower  right. 

*  One  primary  paper  per  first  author  and  one  supplementary  paper. 

*  Note  the  deadline!!  APS  not  responsible  for  mailing  delays. 

*  Continuous  text — no  floating  titles. 

*  Indent  before  title. 

*  Underline  title. 

*  Readable  and  printable. 

*  Special  instructions — lower  left. 

*  Subject  category  upper  right. 

*  Name  and  date  of  Meeting  center  top. 


Abstract  Submitted 
for  the _ Meeting  of  the 

Suggested  title  ol  session  American  Physical  Society  Physics  and  Astronomy 

in  which  paper  shoidd  be  placed  Classification  Scheme 

Optical  Properties  of  Film  Structures  Meeting  Date  Number  25.85 

One-dlmenslonal  Hetero.junctlon  Structures  in 
Polysllylenes.  N.MATSUMOTO,  H.ISAKA,  NTT  Basic 
Research  Labs.^ —  UV  absorption,  luminescence  and 
excitation  spectra  of  poly(di-n-hexylsilane)  solid 
films  |iave  been  observed  at  temperatures  from  4K  to 
400K,  The  UV  spectrum,  under  the  melting  point  (Tc), 
exhibits  two  peaks  corresponding  to  a  crystalline 
portion  (365nm  at  4K:  Phase  I)  and  an  amorphous 
fraction  (319nm  at  4K:  Phase  II).  The  luminescence 
spectrum,  on  the  other  hand,  has  only  one  peak 
emitted  from  phase  I.  Two  luminescence  peaks  (348nm 
and  381nm)  can  be  observed  only  near  Tc  and  there  is 
only  one  luminescence  peak  from  Phase  II  above  Tc. 

When  Phase  I  and  Phase  II  form  a  one-dimensional 
heterojunction  structure  along  a  chain  as  in  the 
case  of  temperatures  below  Tc,  electrons  and  holes 
excited  in  the  wide-gap  Phase  II  relax  toward  the 
narrow-gap  Phase  I  and  recombine  radiatively.  When 
two  phases  are  spatially  independent  on  the 
different  chains,  or  when  the  third  phase  exists  as 
a  trap  along  a  chain,  the  energy  transfer  between 
the  two  phases  is  disturbed.  The  former  case 
corresponds  to  the  above  luminescence  observation 
near  Tc.  The  latter  case  has  been  confirmed  by  the 
observation  of  two-peak  luminescence  in  rapidly 
cooled  films  with  the  third  phase  (UV  peak:350nm) 


Signature  of  APS  Member 
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March  Meeting  Sorting  Category  Scheme 


This  sorting  list  is  to  be  used  solclj  for  the  1991  March  Meeting  of  The  American  Physical  Society  in  Cincinnati,  OH,  18-22  March  1991.  Use  of 
these  categories  will  greatly  assist  the  sorting  process,  and  will  enhance  the  likelihood  that  your  contributed  abstract  will  be  placed  in  an  appropriate 
session.  All  contributed  abstracts  must  conform  to  the  rules  and  regulations  for  contributed  abstracts,  published  on  page  1629  of  the  Bulletin. 


SORTING  CATEGORIES 

Follow'  general  instructions  on 
preparation  of  contributed  abstracts. 

1.  Applications 

(a)  Microelectronics/Device  Physics 

(b)  Magnetics 

(c)  Detectors  and  Diagnostics 

(d)  Modeling 

(e)  Manufacturing 

2.  Biophysics 

(a)  General 

(b)  Heme  proteins 

(c)  Biomolecular  Structure 

(d)  X-Ray  absorption 

3.  Chemical  Physics 

(a)  General 

(b)  Spectroscopy 

(c)  Collision  Dynamics 
and  Photochemistry 

(d)  Quantum  Chemistry 

(e)  Statistical  Mechanics 
(0  Surfaces 

(g) Clusters 

4.  Clusters 

(a)  General 

(b)  Metallic 

(c)  Inert  Gas  and  Semiconducting 

5.  Complex  Fluids 

(a)  General 

(b)  Liquid  Crystals 

(c)  Lyotropics,  Microemulsions,  &  Micelles 

(d)  Colloids 

(e)  Interfacial  Phenomena 

(0  Nonequilibrium  Phenomena 

6.  Disorder  and  Composites 

(a)  General 

(b)  Small  Particles 

(c)  Glassy  Behavior  in  Crystals 

(d)  Porous  Media 

(e)  Fractals 

(0  Structural  Dynamics  in  Glass 

7.  Electronic  Structure 

(a)  General 

(b)  CDW 

(c)  Metals  and  Alloys 

(d)  Semiconducting  Compounds 

(e)  Insulators 

(0  Transport  Properties 

8.  Experiments  and  Measurements 

(a)  National  Facilities 

(b)  Instrumentation  and  Measurement 

9.  Fluids 

(a)  General 

(b)  Theory 

(c)  Quantum  Liquids 

(d)  Classical  Liquids 

(e)  Hydrogen 

10.  Glassy  and  Amorphous  Systems 

(a)  General 

(b)  Elemental  and  Compound  Glasses 

(c)  Amorphous  Metals 

(d)  Oxide  and  Halide  Glasses 

(e)  Silica  and  Silicon 


11.  Highly  Correlated  Metals 

(a)  General 

(b)  Mixed  Valence 

(c)  Heavy  Fermion 

(d)  Kondo  Lattice 

(e)  Superconductivity 

12.  Hydrogen  in  Metals 

13.  Layered  Systems 

(a)  General 

(b)  Intercalated  Graphite 

(c)  Transition  Metal  Chalcogenides 
id)  Metallic  Superlattices 

(e)  Metallic  Sandwiches 

14.  Magnetic  Order 

(a)  General 

(b)  Local  Moment  Systems 

(c)  Itinerant  Magnets 

(d)  Spin  Glasses 

(e)  Low  Dimensional  Magnetism 

15.  Materials  Physics 

(a)  The  Role  of  Phonons 

in  the  High-T^  Cuprates 

(b)  Theory  of  Materials 

(c)  EIcctronie  Polymers 

(d)  Optical  Materials 

(e)  Semiconductor  Interfaces 
and  Microstructures 

(0  Surface  Magnetism 

(g)  Boron  Compounds 

(h)  Defects  in  Metallic  Systems, 
Especially  Alloys 

(i)  Phase  Transformations 

(j)  Quasicrystals 

(k)  Hydrogen  in  Crystalline 
Semiconductors 

(!)  Adhesion,  Fracture, 
and'Interfaces 

(m)  Time-Resolved  Structural 
Kinetics  of  Materials 

(n)  Epitaxy  Layers 

of  High-Tj  Superconductors 

(o)  Two-  and  Three-Dimensional 
Nanocrystalline  Solids 

16.  Mctal-Insulator  Transition 

(a)  General 

(b)  Doped  Semiconductors 

(c)  Metal  Alloys 

(d)  Organic  Conductors 

(e)  Localization  in  Low  Dimensional 
Systems 

17.  Mesoscopic  Systems 

(a)  General 

(b)  One  Dimensional  Systems 

(c)  Quantum  Dots 

(d)  Fabrications 

18.  Nonlinear  Phenomena 

(a) _  General 

(b) ' Chaos 

(c)  1// Noise 

(d)  Instabilities 

(e)  Pattern  Formation 

19.  Optical  Properties 

(a)  General 

(b)  Surface  Reflectance 

(c)  Transient  and  Non-linear 

(d)  Ions  in  Solids 


(e)  Photoemission 
(0  Inverse  Photoemission 

(g)  Squeezed  State? 

20.  Phase  Transitions 

(a)  General 

(b)  Ferroelectrie 

(c)  Expanded  Metals 

(d)  Phase  Transitions  at  Surfaces 

(e)  Experiments 

21.  Phonons 

(a)  General 

(b)  Impurity  Vibrations,  Lasers 

(c)  Raman 

(d)  Lattice  Dynamics 

22.  Polymers 

(a)  Chain  Dynamics 

(b)  Crystallinity,  Structure, 

&  Morphology 

(c)  Phase  Transitions 

(d)  Rigid  Rod  and  Liquid 
Crystalline  Polymers 

(e)  Computer  Simulatiqns  and  Theory 
(0  Electrically  and  Optically 

Active  Polymers 
■  (g)  Surfaces  Interfaces 
and  Thin  Films 

(h)  Amorphous  and 
Crystalline  Solids 

(i)  Polymeric  Liquids: 

Solutions  and  Melts 

(j)  Gels 

(k)  Properties 

(l)  General 

23.  Quasicrystals 

24.  Semiconductors:  Bulk 

(a)  General 

(b)  Optical  Properties 

(c)  Transport 

(d)  Dilute  Magnetism 

25.  Semiconductors:  Defects 

(a)  General 

(b)  Shallow  Levels 

(e)  Deep  Levels 

26.  Semiconductors:  Heterostructure 

(a)  General 

(b)  Optical  Properties 

(c)  Transport 

(d)  Quantum  Hall  Effect 

(e)  Tunneling 

(0  Inversion  Layers 

(g)  Schottky  Barricis 

(h)  VLSI 

27.  Semiconductors:  Superlattices 

(a)  General 

(b)  Optical  Properties 

(c)  Transport 

(d)  Impurities 

(e)  Amorphous  Systems 

28.  Superconductivity 

(a)  General 

(b)  Tunneling 

(c)  Organic 

(d)  Magnetic 

29.  Superconductivity;  High 

(a)  Materials 

(b)  Spectroscopy:  Photon  in  Photon  out 
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(c)  Spectroscopy:  Photon  in  Electron  out 

(d)  Spectroscopy;  Electron  in  Electron  out 

(e)  Magnetic  Properties 

(0  Theory:  Electronic  Structure 

(g)  Theory;  Hubbard/Heisenberg 

(h)  Theory:  Mechanisms 
30.  Surfaces:  Metallic 

(a)  General 

(b)  Structure 

(c)  Electron  and  Ion  Interactions 

(d)  Physisorption 

(e)  Chemisorption 

(0  Surface  Magnetism 

(g)  Scanning-Tunneling  Microscopy 


31.  Surfaces:  Semiconductors 

(a)  General 

(b)  Structure 

(c)  Adsorption 

(d)  Electron  and  Ion  Interactions 

(e)  New  Techniques 

32.  Theory 

(a)  General 

(b)  Many-Body  Theory 

(c)  Density  Functional  Theory 

(d)  Molecular  Dynamics 

(e)  Simulated  Annealing 
(0  Quantum  Simulations— 

GFMC;  Path  Integrals 


33,  Thin.  Films 

(a)  General 
(b,  Epitaxy 

(c)  MBE/MOCVD 
<d)  Transi'ort 
(e)  Laser  Annealing 

34.  'X-Ray  and  Neutron  Scattering 

(a)  G.eneral 

(b)  EXAFS 

(c)  Difiraction 

(d)  Quasicrystals  and  Alloys 

(e)  Spectroscopy 


SAMPLE  ABSTRACT  Abstract  Submitted 

for  the  1990  March  Meeting 
12-16  March  1990 


Suggested  Session  Title: 
Surface  Structure  and  Dynamics 


March  Sorting 
Category: 

21a 


Surface  Structure  and  Surface  Dynamics  of  SrTiOt.  J. 
PRADE  and  U.  SCHRODER,  Univ.  Re|rensburg  fFRGl. 
W.  KRESS,  Max-Planck-Institut.  Stuttgart  fFRG').  F.  W.  DE 
WETTE*  and  A.  D.  KULKARNL  Univ.  of  Texas  at  Austin.  — 
SrTiOs  is  of  interest  because  of  its  antidistortive  bulk  phase 
transition  at  105  K,  and  its  present  use  as  a  base  material  for 
the  deposition  of  thin  films  of  high-Tc  superconductors.  Re¬ 
cently,  the  relaxation  of  the  (001)  surfaces  of  b'rTiOa  has  been 
studied  by  LEED.^  We  report  on  calculations  of  the  structure 
and  the  dynamics  of  the  two  (001)  surfaces,  ceirried  out  in  the 
framework  of  the  shell  model.  We  present  results  on  the  relax¬ 
ation  and  the  surface  dynamics  of  these  surfaces  and  compare 
the  former  with  the  recent  experiments.*  Finally,  we  discuss  the 
possibility  of  a  surface  phase  transition  and  its  relation  to  the 
bulk  antidistortive  phase  transition.  This  question  is  of  particu¬ 
lar  interest  since  these  phase  transitions  occur  at  temperatures 
comparable  to  the  transition  temperatures  of  the  high-Te  super¬ 
conductors. 

’Supported  by  NSF  grant  DMR-8816301  and  Robert  A.  Welch 
grant  F-433. 

*N.  Bickel  ei  al.  Phys.  Rev.  Lett.  62,  2009  (1989). 


Prefer  Standard  Session  F.  W.  de  Wette 

Department  of  Physics 
University  of  Texas 
Austin,  TX  78712 
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Workshops  to  Be  Held  in  Conjunction 

with  the  APS  &  the  Division  of  Nuclear  Physics 


WORKSHOP  PREAMBLE 


Two  workihops  will  be  held  in  parallel  on  24  October  at  the  Phjsici  Department  of  the  University  of  Illinois  at  Urbana-Champaign.  Registration  will 
begin  at  8  00  in  the  southwest  lobby  of  the  Loomis  Laboratory'  of  Physics,  and  one  registration  shall  cover  both  woakshops.  The  workshop  on  the 
Effects  of  Correlations  in  Nuclei  will  be  held  in  Room  141  in  the  Loomis  Laboratory  of  Physics.  The  woikshop  on  Opportunities  with  Low-Energy 
Antiprotons  will  be  held  in  Room  151  in  the  Loomis  Laboratory  of  Physics.  Both  workshops  will  commence  at  9:00. 

WORKSHOP  ON  EFFECTS  OF  CORRELATIONS  IN  NUCLEI 


Organizing  Committee:  G.  A.  Baym,  V.  R.  Pandharipandc  (Chair),  C.  N.  Papanicolas 

The  study  of  the  influence  of  correlations  in  nuclei  has  been  extensive,  both  theoretically  and  experimentally.  The  purpose  of  this  workshop  is  to  bring 
together  experimentalists  and  theorists  concerned  about  this  issue,  to  review  the  progress  made  in  understanding  this  issue,  and  to  explore  possible 
future  directions  of  investigation. 

SESSION  I 

Chairperson:  J.  Heisenberg 


9:00 

WA  1  Introduction.  V.  R.  PANDHARIPANDE,  University  of  Illinois  at  Urbana-Champaign. 

9:15 

WA  2  Correlation  Effects  from  the  Complex  Nucleon-Nucleon  Mean  Field.  C.  M/^HAUX,'  University  of  Liege,  Belgium. 

The  extrapolation  of  the  optical-model  potential  towards  negative  energy  provides  a  complex  mean  field 
for  bound  nucleons.  The  imaginary  part  of  this  field  describes  the  spreading  of  the  single-particle 
strength.  The  extrapolation  is  performed  by  means  of  a  dispersion  relation  that  connects  the  real  to  the 
imaginary  part  of  the  field.  This  approach  enables  the  calculation  of  the  spectral  functions  i.e.  of  the 
amount  of  strength  per  unit  energy  interval  in  the  nuclei  with  (A-i-1)  and  with  (A-1)  nucleons.  These 
strength  distributions  are  usually  characterized  by  several  quantities,  namely  the  quasiparticle 
energies,  widths,  strengths,  spectroscopic  factors  and  occupation  probabilities.  It  will  be  emphasized 
that  some  of  these  quantities  only  have  a  limited  physical  meaning.  Numerical  results  will  be  presented 
and  compared  with  experimental  data,  mainly  for  protons  and  neutrons  in  ^OSpjj. 

*In  collaboration  with  R.  Sartor. 

9:55 

WA  3  CERES — A  Sum  Rule  Approach  to  Occupation  Numbers.* 

GERHARD  J.  WAGNER,  Universitat  Tubingen,  Federal  Republic  of  Germany. 


Nucleon-nucleon  correlations  are  expected  to  affect  the  shell-model  occupancies  of  nuclear  ground  states. 
For  the  3s-proton  orbital  in  208pb  occupancies  varying  between  60%  and  90%  of  the  shell-model  limit  have 
been  predicted.  During  the  past  years  an  extended  effort  to  determine  this  quantity  by  transfer  experiments 
has  been  made  by  us.  A  sum  rule  (CERES)  has  been  proposed  1  and  developed^  which  combines  relative 
spectroscopic  factors  from  proton  removal  experiments  on  neighbouring  nuclei  with  a  quantity  derived 
from  their  charge  density  differences.  This  sum  rule  avoids  the  uncertainty  of  absolute  spectroscopic 
factors  and  accounts,  in  an  approximate  way,  for  the  defects  arising  from  the  neglect  of  high-lying 
spectroscopic  strengths.  Jointly  with  groups  from  Amsterdam,  Groningen,  Indiana  and  Saclay  we  have 
accurately  measured  cross  sections  of  (d,3He),  (e,e’p)  and  (3He,d)  reactions  on  206pb,  205n  and  204Hg,  all 
relative  to  208pb.  Together  with  the  available  mean-field  interpretation  of.  the  charge  density  differences 
between  these  nuclei,  their  3s-proton  occupancies  were  derived.  For  208pb,  a  value  of  about  85%  is  obtained. 
This  result  does  not  contradict  the  small  absolute  spectroscopic  factors  from  (e,e’p)  experiments  provided 
that  short-range  correlations  produce  high-energy  tails  of  the  spectral  functions.  But  it  suggests  that 
occasionally  the  effects  of  short-range  correlations  on  ground-state  occupancies  may  have  been 
overestimated. 

*This  work  has  been  funded  by  the  German  Federal  Minister  for  Research  and  Technology  (BMFT)  under 
contract  number  06  Tii  460/1  and  by  a  NATO  travel  grant. 

IH.  Clement,  P.  Grabmayr,  H.  Riihm  and  G.  J.  Wagner,  Phys.  Lett.  B183  (1987)  12  and  Nucl.  Phys.  A494 
(1989)244. 

2G.  J.  Wagner,  Prog.  Part.  Nucl.  Phys.,  Vol.  24,  in  press. 
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10:35  COFFEE  BREAK 
11:00 

WA  4  Strong  Nuclcon-NucIcon  Correlations  in  the  Atomic  Nucleus?  The  Issue  of  Absolute  Spectroscopic  Factors. 

PETER  K.  A.  DEWITT  HUBERTS,  NIKHEF-K,  Amsterdam,  The  Netherlands. 

Recent  high-resolution  data  of  the  exclusive  proton  knockout  reaction  (e,e’p)  have  provided  evidence  for 
the  importance  of  nucleon-nucleon  correlations  in  atomic  nuclei.  Thus  similarity  of  nuclei  with  a 
correlated  Fermi  liquid  rather  than  an  uncorrelated  Fermi  gas  of  quasi-independent  particles  is 
indicated.  We  discuss  empirical  evidence  in  terms  of  the  mass  dependence  and  sparation-energy 
systematics  of  spectroscopic  strength  deduced  from  the  exclusive  (e,e’p)  reaction.  The  validity  of  the 
DWIA  description  of  the  mechanism  of  the  (e,e’p)  reaction  is  gauged  by  applying  a  sum  rule  technique 
that  combines  values  of  relative  spectroscopic  factors  with  change  density  difference  information 
deduced  from  elastic  electron  scattering.  A  critical  comparison  with  the  findings  of  the  proton  pickup 
reaction  (e.g.  (d.^He))  is  then  made.  It  is  argued  that  spectroscopic  results  from  the  electromagnetic 
and  hadron  reaction  may  be  reconciled  by  employing  proper  information  on  the  radial  extension  on  the 
bound  state  wavefunctions  as  deduced  from  the  (e,e’p)  data.  In  a  comparison  with  correlated  nucleon 
many  theory  fair  agreement  is  obtained. 


11:40 

WA  5  Nucleon-Nucleon  Correlations  from  Pion  Double  Charge  Exchange.  W.  R.  GIBBS,  Los  Alamos  National  Laboratory. 

Since  the  pion  double  charge  exchange  reaction  requires  that  at  least  two  nucleons  be  involved  it  provides 
an  excellent  technique  for  probing  two-nucleon  correlations  in  the  nucleus.  For  transitions  to  double 
analog  states,  since  the  structure  of  the  initial  and  final  state  is  very  nearly  the  same,  the  correlation 
function  of  the  two  nucleons  comes  into  the  calculation  twice,  and  the  problem  of  distinguishing  imtial- 
from  final-state  correlations  is  virtually  eliminated.  Recent  studies  of  the  calcium  isotopes  have  clearly 
revealed  the  presence  of  correlation  effects  altering  the  relative  cross  sections  by  an  order  of  magnitude.^ 

We  are  now  approaching  the  point  of  being  able  to  use  absolute  measurements  of  angular  distributions  to 
extract  the  correlation  structure  of  the  valence  neutrons  and  infer  the  shell  model  components.  Up  to  four 
basis  states  have  been  used  at  the  present  time.^  The  shell  model  wave  functions  extracted  with  this 
analysis  agree  reasonably  well  with  those  obtained  from  fitting  the  energy  levels. 

^Z.  Weinfeld  et  al.,  Phys.  Rev.  C37, 902  (1988);  Z.  Weinfeld  et  al.,  Phys.  Lett.  B237, 33  (1990);  N.  Auerbach  et 
al.,  Phys.  Rev.  Lett.  58, 1076  (1987),  Phys.  Rev.  C38, 1277  (1988). 

2w.  B.  Kaufmann  and  W.  R.  Gibbs,  Proceedings  of  the  Second  International  LAMPF  Workshop  on  Pion 
Double  Charge  Exchange,  Aug.  9-11, 1989. 

SESSION  2 

Chairperson:  C.  Ciofi  degli  Atti 
14:00 

WA  6  Correlation  Effects  in  the  Longitudinal  and  Transverse  Response  of  the  Nuclei.  J.  MORGENSTERN,  CEN  de  Saclay,  France. 


Separated  response  functions  have  been  obtained  in  (e,e’)  and  (e,e’p)  experiments  on  nuclei.  We  discuss 
the  kinematic  conditions  for  the  knock-out  of  one  and  two  nucleons.  A  quenching  of  the  longitudinal 
response  which  increases  with  the  density  of  the  nucleus  is  observed  in  the  quasi-elastic  region;  this  can 
be  partially  explained  by  correlations.  The  transverse  response  exhibits  a  one-body  behavior  for  small 
energy  transfers  i.e.  okcoq  =  q^/2Mp.  At  larger  energy  transfers,  contributions  from  two-nucleon 
processes  become  more  important  relatively  to  the  one-body  process.  Evidence  of  electron  scattering 
from  a  correlated  nucleon  pair  is  observed  in  e.e’p  reaction  on  ^He,  ‘‘He,  ‘^0  and  in  e,e’d  reaction  on  ®Li. 
This  phenomenon  dominates  the  cross  section  when  high  momentum  components  (>300  MeV/c)  of  the 
nucleon  inside  the  nucleus  are  sampled. 


14:40 

WA  7  Scaling  and  Correlations  in  Nuclei.*  D.  B.  DAY,  University  of  Virginia. 


The  scaling  of  high  q  inclusive  electron  scattering  in  the  quasielastic  region  has  received  a  great  deal  of 
attention  in  the  last  15  years. ‘  As  a  result  y-scaling  is  fairly  well  understood  and  it  is  possible  to  extract 
information  about  the  nuclear  spectral  function,  S(k,E),  from  the  behavior  of  the  experimental  scaling 
function,  F(q,y).  In  this  talk,  the  derivation  ofy-scaling  in  the  PWIA  will  be  reviewed  and  a  scaling  analysis 
for  light  and  heavy  nuclei  presented.  Scale  breaking  mechanisms  and  non-scaling  contnbutions  to  the 
inclusive  cross  section  in  the  quasielastic  region  will  be  discussed.  ^He  will  be  given  special  attention  since, 
in  addition  to  the  large  body  of  data  at  high  q,  exact  non- relativistic  wave  functions  for  the  ground  state  are 
available.  A  comparison  of  the  scaling  behavior  predicted  by  theory  with  the  experimental  scaling  function 
for  3He  at  large  values  of  y  will  be  presented.  This  analysis^  finds  that  experimental  data  shows  q- 
independence  at  much  lower  q,  suggestive  that  the  high-A  strength  in  the  spectral  function  is  correlated 
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with  low  E,  in  contradiction  with  the  (e,e'p)  results  from  ^He.  Recent  analyses^  will  also  be  discussed 
which  recognize  the  non-asymptotic  q  of  experiment  and  the  ^-dependence  of  FSI  interactions.  These  show 
that  n(k)  derived  from  the  asymptotic  scaling  function  F(co,y)  agrees  well  with  the  exclusive  results. 

*This  work  is  supported  in  part  by  funds  provided  by  the  U.S.  Department  of  Energy  under  contract  #DE- 
FG0586ER40261  and  by  funds  from  the  Commonwealth  of  Virginia  Center  for  Nuclear  and  High  Energy 
Physics. 

ID.  B.  Day,  J.  S.  McCarthy,  T.  W.  Donnelly,  and  I.  Sick,  preprint,  MIT/CTP  #1856  and  UVA/Ihn’P  #90-13, 
to  be  published  in  Ann.  Rev.  of  Nucl.  and  Part.  ScL,  Vol.  40  (1990)  and  references  therein. 

2C.  Ciofi  degli  Atti,  E.  Pace,  and  G.  Salmh,  Phys.  Lett.  127B  (1983)  303,  D.  B.  Day,  Proceedings  of  the  Topical 
Workshop  on  Two-Nucleon  Emission  Reactions,  Isola  d'Elba,  Italy,  1989. 

3C.  Ciofi  degli  Atti,  E.  Pace  and  G.  Salmh,  Nucl.  Phys.  A508  (1990)  349c. 


15:10  COFFEE  BREAK 


15:30  Panel  Discussion 

W.  BERTOZZI,  MIT,  M-  MacFARLANE,  Indiana  Uniuerstty,  E.  MONIZ,  MIT,  V.  R.  PANDHARIPANDE,  University  of  Illinois 
(convenor);  J.  SCHIFFER,  Argonne  National  Laboratory;  M.  STRIKMAN,  Leningrad. 
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Dewitt  Huberts,  Peter  K.A.  —  WA4 

Matiaux,  C.  —  WA2 
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WORKSHOP  ON  OPPORTUNITIES  WITH  LOW-ENERGY  ANTIPROTONS 


Organizing  Committee:  R.  A.  Eisenstein,  D.  W.  Hertzog  (Chair),  A,  M.  Nathan 


The  goal  of  this  workshop  is  to  highlight  the  diverse  and  multidisciplinar)  ph>sit.s  problems  that  make  use  of  the  unique  charaoteristics  of  antiprotons 
in  the  sub-eV  to  multi-OeV  range  Atomio,  nuclear,  and  high-encrg>  physicists  are  involved  in  many  current  experiments  as  well  as  in  the  planning  for 
possible  new  facilities  at  CERN,  FNAL,  and  KAON. 


SESSION  1 

Chairperson:  G.  A.  Smith 


9:00 

\VB  1  Ultra-Cold  Antiprotons  and  Gravity  Tests.  M.  H.  HOLZSCHEITER,  Los  Alamos  National  Laboratory. 

A  fundamental  experiment  in  gravity  is  the  measurement  of  the  gravitational  force  on  antimatter. 
Different  attempts  to  develop  a  quantum  field  theory  of  gravity  lead  lo  the  prediction  of  massive  partners  of 
the  tensor  graviton  as  additional  carriers  of  the  force  of  gravity,  therefore  predicting  a  difference  in  the 
acceleration  of  protons  and  antiprotons  in  the  Earth’s  gravitational  field,  and  therefore  a  violation  of  the 
Weak  Equivalence  Principle.  The  availability  of  low  energy  antiprotons  at  CERN  has  made  such  an 
experiment  feasible,  and  a  proposal  to  carry  out  such  a  measurement  has  been  accepted  by  the  CERN 
program  committee. 

We  plan  to  use  a  time-of-flight  technique  similar  to  that  pioneered  by  Fairbank  and  Witteborn  in  their 
measurement  of  the  gravitational  force  on  an  electron.  Very  slow  particles  are  launched  into  a  vertical 
drift  tube  and  the  time-of-flight  spectrum  of  these  particles  is  recorded.  This  spectrum  will  exhibit  a  cut-off 
point  directly  related  to  the  gravitational  acceleration  of  the  particles.  Obtaining  very  slow  antiprotons 
involves  several  stages  of  deceleration.  Antiprotons  from  LEAR  will  be  initially  decelerated  from  2  MeV  to 
tens  of  kilovolts  by  degrading  their  energy  in  a  thin  foil.  After  capture  and  cooling  in  a  series  of  ion  traps, 
the  antiprotons  will  be  in  a  distribution  with  a  temperature  of  a  few  degree  Kelvin.  These  ultra-cold 
antiprotons  will  then  be  released  a  few  at  a  time  into  the  drift  tube.  A  detector  will  measure  the  arrival 
time  of  the  particles  at  the  exit  of  the  drift  tube.  H"  ions,  which  have  almost  identical  electromagnetic 
properties  to  the  antiprotons,  will  be  used  for  comparison  and  as  a  calibration  standard. 

The  different  technical  aspects  of  the  experiment  and  the  requirements  on  LEAR,  as  well  as  progress  in  the 
different  areas,  will  be  presented. 
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9:40 

WB  2  A  1000-Fold  Improvement  in  the  Measured  Antiproton  Mass'  (and  Other  Possible  Measurements  with  Cryogenic  Antiprotons). 
G.  GABRIELSE,  Harvard  University. 


Comparisons  of  antiproton  and  proton  cyclotron  frequencies  yield  the  ratio  of  inertial  masses  M(p)/M(p)  = 
0.999  999  985±0.000  000  042.  The  fractional  uncertainty  of  4x10-8  is  1000  times  more  accurate  than  previous 
measurements  of  this  ratio  using  exotic  atoms  and  is  the  most  precise  test  of  CPT  invariance  with  baryons. 
Independent  comparisons  to  electrons  yield  the  mass  ratios  M(p)/M(e  )  =  1836.152  6380±0.000  083  and 
M(p)/M(e-)  =  1836,152  660±0.000  088.  Cryogenic  antiprotons  (near  4  K)  stored  in  a  Penning  trap  for  2  months 
(much  longer  than  reported  for  high  energy  storage  rings)  establish  a  storage  lifetime  longer  than  3.4 
months.  This  energy  is  more  than  10  orders  of  magnitude  lower  than  for  the  lowest  energy  antiproton 
storage  ring  (LEAR  at  CERN).  Other  possible  experiments  with  cryogenic  antiprotons  will  be  discussed. 

^The  mass  measurement  is  a  collaboration  with  X.  Fei,  L.  A.  Orozco,  R.  L.  Tjoelker,  J.  Haas, 

H.  Kalinowsky  and  T.  A.  Trainor. 


10:20  COFFEE  BREAK 


10:40 

WB  3  CP  Violation  in  Hyperon  Decay.  G.  A.  MILLER,  University  of  Washington. 


A  new  approach  to  computing  CP  violating  (CPV)  observables  in  baryon  processes  has  been  developed.^ 
The  idea  is  to  use  measured  hadronic  matrix  elements  (including  the  CPV  kaon  observables)  to  compute 
Feyiunan  graphs  in  terms  of  hadrons.  By  employing  the  hadronic  basis  one  avoids  the  difficult  steps  of 
obtaining  the  quark  CPV  parameters  from  the  kaonic  system  and  inserting  these  quark  parameters  into 
the  matrix  elements  involving  the  baiyons.  This  hadronic  approach  is  applied  to  computing  the  neutron 
electric  dipole  moment  and  to  the  differences  between  A  and  A  decay  observables.  The  numerical  results 
are  similar  to  other  approaches  that  use  quark  operators. 

^M.  J.  Iqbal  and  G.  A.  Miller,  Phys.  Rev.  D.,  in  press. 


11:20 

WB  4  High-Resolution  Charmonium  Spectroscopy  at  the  Fermilab  Antiproton  Accumulator. 

KAMAL  K.  SETH,  Northwestern  University. 

The  charmonium  (cc)  and  the  beauty-onium  (bb)  systems  provide  much  of  the  empirical  evidence  for  the 
nature  of  the  quark-quark  interaction.  Almost  all  our  knowledge  about  these  systems  comes  from  e+e" 
collisions  in  which  only  the  3Si(l")  states  are  resonantly  produced  and  are  accessible  to  precision 
measurements.  Other  states  are  populated  by  the  decay  of  these  1"  states  and  our  knowledge  about 
them  is  comparatively  limited  and  less  precise.  In  contrast,  in  pp  annihilation,  which  proceeds 
through  two  and  three  gluons,  all  states  (JS3)  can  be  resonantly  produced  and  studied  with  great 
precision.  At  the  Fermilab  antiproton  accumulator  (T(p)  S  8  GeV)  an  experiment  (E760*)  has  been 
designed  to  study  charmonium  states  by  their  resonant  production  in  pp  collisions.  The  stochastically 
cooled  circulating  p  beam  interacting  with  a  hydrogen  gas-jet  target  provides  a  luminosity  of -lO^l  cm-2 
sec-i  and  a  mass  resolution  of  ^  300  keV  for  masses  ^4.3  GeV.  This  makes  it  possible  to  measure  widths 
of  narrow  states  [e.g.,  8Pi(Xi)],  identify  states  so  far  not  seen  [e.g.,  iPi.Rc],  measure  angular 
correlations,  look  for  exotic  states  [e.g.,  glueballs,  states,  cc-nucleus  bound  states],  etc.  The 
experiment,  with  its  full  operating  detector  is  receiving  beam  presently.  The  first  results  and  the  future 
plans  will  be  described. 

*E760  Collaboration;  Fermilab,  Ferrara,  Genoa,  Irvine,  Northwestern,  Penn  State,  and  Torino. 


SESSION  2 
Chairperson;  P.  Barnes 


14:00 

WB  5  QCD  Spectroscopy  with  Antiprotons:  Glueballs,  Exotics,  and  Hybrids.  NATHAN  ISGUR,  CEBAF. 

One  of  the  greatest  challenges  in  the  study  of  QCD  is  to  understand  why  the  quark  model  is  such  a  good 
representation  of  low  energy  spectroscopy  and  to  anticipate  where  and  how  it  will  break  down.  In 
particular,  the  gluonic  degrees  of  freedom  of  QCD  must  eventually  play  a  role  in  spectroscopy  (in  the  form 
of  glueballs  and  hybrids).  There  are  also  good  reasons  to  expect  that  multiquark  states  play  a  more 
important  role  in  low  energy  hadronic  interactions  than  normally  imagined.  I  will  discuss  these  issues 
with  special  emphasis  on  the  important  role  low  energy  antiprotons  ran  play  in  the  search  for  life  beyond 
the  quark  model. 
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14:40 

WB  6  Experimental  Searchers  for  Glueballs,  Exotics,  and  Hybrids  at  LEAR.  R.  LANDUA,  CERN,  Switzerland. 

"Exotic"  (non-qq)  mesons  are  probably  produced  in  p-p  annihilation  at  re?t  and  in  flight,  together  with 
"normal"  (qq)  mesons.  Evidence  for  the  existence  of  exotic  states  is  increasing,  but  since  many  of  their 
properties  are  similar  to  normal  mesons,  the  final  experimental  proof  is  still  missing.  The  present  status 
of  the  search  and  an  outline  of  different  and  complementary  experimental  strategies  to  find  the  "smoking 
gun"  will  be  given. 


3:30  COFFEE  BREAK 


15:40 

WB  7  Antihyperon-Hyperon  Productioa  at  LEAR.*  FRANK  TABAKIN,  University  of  Pittsburgh. 

Interest  in  antinucleon-nudeon  reactions  has  been  revitalized  by  the  impressive  experimental  program  at 
the  Low  Energy  Antiproton  Ring  (LEAR).  _A  review  of  recent  theoretical  studies  of  pp-»f  T  reactions,  where 
y  denotes  the  hyperons  (A,I  and  E)  and  Y  antihyperons,  will  be  presented.  Antiproton-proton  reactions 
have  many  open  channels  and  consequently  large  annihilation  cross-sections.  In  addition  to 
understanding  annihil^ion,  the  important  problems  are  to  unfold  the  basic  strangeness  production 
mechanism,  resonance  efiectSj^  initial  and  final  state  effects,  coupled-channel  and  threshold  phenomena. 
Recent  measurements  of  pp-»AA  differential  cross-sections,  polarizations,  and  spin  correlations,  as  well  as 
cross-sections  for  XA-fZA  production,  elastic  scattering,  charge  exchange,  and  pion  and  kaon  production 
are  all  being  pursued  at  LEAR.  Theoretical  imderstanding  of  these  complex  processes  has  been  sought  by 
invoking  either  one  hadron-exchange  (n,  K,  N,  Z,  etc.  exchange)  or  by  quark-based  models.  The  various 
views  and  conclusions  in  the  literature  will  be  analyzed.  In  addition,  recent  results  from  a  momentum 
space  coupled-channels  (CC)  model  starting  from  the  one-hadron-exchange  mechanism,  will  be  presented, 
with  emphasis  on  threshold,  resonance,  cusp  effects  and  the  interplay  and  competition  among  various 
chaimels  and  comparison  to  recent  data.  Efforts  to  include  quark  dynamics  at  short  distances  will  also  be 
discussed. 

^Research  supported  in  part  by  the  U.S.  National  Science  Foundation. 


16:20 

WB  8  Nuclear  Tests  of  QCD  Using  Low-Energy  Ai.tiprotons. '  STANLEY  J.  BRODSKY,  Stanford  Linear  Accelerator  Center. 

I  will  discuss  several  novel  aspects  of  QCD  which  can  studied  in  anti-proton  annihilation  processes  in 
nuclei:  1)  Charm  threshold  phenomena  and  the  production  of  nuclear-bound  charmonium  in  p- 
nucleus  collisions;  2)  exclusive  antiproton  reactions  in  QCD;  3)  p-p  annihilation  into  charmonium  in 
nuclei  as  a  test  of  QCD  color  transparency;  4)  probing  high  momentum  components  of  nuclei  using  p 
annihilation;  and  5)  formation  zone  effects,  initial  state  interactions,  and  higher  twist  subprocesses  in 
p-p  annihilation. 

^Work  supported  by  the  Department  of  Energy,  contract  DE-AC03-76SF005I5. 


17:00 

WB  9  New  Machine  Opportunities  at  FNAT.  and  KAON.  F.  E.  MILLS,  Fermi  National  Accelerator  Laboratory. 

Recent  studies,  at  Breckenridge  and  elsewhere,  have  helped  to  define  more  clearly  the  physics  to  be  done 
with  low  energy  antiprotons  and  the  accelerators  needed  to  carry  out  the  experiments.  At  Fermilab,  the 
mature  antiproton  source  needs  to  be  augmented  with  at  least  two  new  rings  to  carry  out,  say,  baiyon- 
antibaryon  experiments  to  measure  CP  violation  and  to  decelerate  antiprotons  for  trap  and  antihydrogen 
experiments.  The  deceleration  ring  needs  low  energy  electron  cooling,  and  an  RFQ  to  decelerate  to  trap 
capture  energies.  Similarly,  although  an  antiproton  accumulation  system  has  not  been  designed  for 
KAON,  studies  for  LAMPF  II  indicate  that  rapid  cycling  proton  accelerators  will  be  capable  of  providing 
sources  perhaps  ten  times  more  intense  than  those  presently  in  operation. 


AUTHOR  INDEX 

Ijgur,  Nathan —  WB5 
Landua,  R. —  WB6 
Miller.  G.  A.— WB3 


Mills,  F.E.  —  WB9  Tabalcin,  Frank  —  WB7 

Seth.  Kamal  K.— WB4 


Brodsky.  Stanley  J.— WB8 
Gabrielse,  G.— WB2 
Holzseheiter,  M.H.—  WBI 


Vol.  35,  No.  8  (1990) 


1637 


HOTEL  RESERVATION  FORM 

1990  Fall  Meeting  of  the  American  Physical  Society 
Division  of  Nuclear  Physics 
25-27  October  1990 
Urbana,  Rlinois 


(1)  University  Inn  (10/23-10/27) 

302  East  John  Street  Single:  $47 _  Double:  $54 _ 

Champaign,  IL  61820 
(800)322-8282 

(800)  252-1368  (within  Illinois) 

(2)  The  Chancellor  Hotel  (10/23-10/27) 

1501  South  Neil  Street  Single:  $47 _  Double:  $54 _ 

Champaign,  IL  61820 
(800)257-6667 

(3)  Days  Inn-University  (10/23-10/27) 

1701  South  Neil  Street  Single:  $32 _  Double:  $32 _ 

Champaign,  IL  61820  (Special  rate  not  available  through  800#) 

(217)359-8888 

The  University  Inn  is  within  walking  distance  of  Loomis  Lab  (meeting  site).  Shuttle 
buses  will  be  used  for  the  other  hotels.  Rooms  are  available  as  indicated  above.  Please 
indicate  that  you  will  be  attending  the  meeting  of  the  Nuclear  Physics  Division  of  the 
American  Physical  Society  in  order  to  receive  the  special  rates  listed.  All  room  rates  will 
be  charged  applicable  taxes.  All  rooms  will  be  held  until  6  PM  unless  guaranteed  for  late 
arrival. 

Reservations  should  be  made  in  advance  by  telephoning  the  hotel  of  your  choice  or  by 
mailing  this  form  to  the  hotel  (please,  no  checks).  Please  make  your  arrangements  early 
as  the  rooms  will  be  released  on  September  19, 1990. 

Name:  _ 

Affiliation:  _ 

Address:  _ 

City:  _  State:  _  Zip:  _ 

Daytime  Telephone  Number: _ _ 

Arrival  Date:  _  Time:  _ 

Departure  Date: _  Time:  _ 

I  wish  to  share  a  room  with:  _ _ 

(If  another  conference  attendee  is  named  here,  this  person  also  must  send  in  a  hotel  form.) 

Credit  Card:  _  Expiration  Date: _ _ 

(MCmSA/AMER  EXP)  Number 


Vol.  35,  No.  8  (1990) 


1638 


PRE-REGISTRATION  FORM 

1990  Fall  Meeting  of  the  American  Physical  Society 
Division  of  Nuclear  Physics 
25-27  October  1990 
Urbana,  Illinois 


Surname/Family  Name 

First  Name 

M.I.  ■ 

Mailing  Address 

City  State 

Zip  Code 

Country 

Telephone  number  where  you  can  be  reached  during  the  day,  including  area  code. 


APS  Meeting  Pre-registration  fee: 

$  80.00  for  members  (+$10.00  if  received  after  9/7/90)  _ 

$120.00  for  non-members  (+$10.00  if  received  after  9/7/90)  _ 

$  10.00  for  retired  &  students  (+$10.00  if  received  after  9/7/90)  _ 

Workshop  (Antiprotons)  (Oct.  24)  U.S.  $20  _ 

(Pee  waived  for  students) 

Workshop  (Correlations)  (Oct.  24)  U.S.  $20  _ 

(Fee  waived  for  students) 

Banquet  (Oct.  26)  U.S.  $30  _ 

Total 


Form  of  Payment 

We  are  unable  to  accept  credit  cards.  Checks  are  to  be  made  payable  to  DNP  1990. 
Send  this  form  along  with  your  check  to: 

Ms..  Penny  Sigler 
Conference  Secretary 
University  of  Illinois 
Nuclear  Physics  Laboratory 
23  Stadium  Drive 
Champaign,  IL  61820 
(217)  333-3190 


DEADLINE:  7  September  1990 
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UJit  UniTED  AiRLinES 


UNITED  AIRLINES  SPECIAL  DISCOUNT  RATES 
FOR  THE  1990  APS  DIVISION  OF  NUCLEAR 
PHYSICS  FALL  MEETING 


Profile  Number  444EZ 

United  Airlines  is  offering  the  attendees  of  the  1990  Fall  Meeting  of  The  American  Physical  So¬ 
ciety  SPECIAL  DISCOUNT  RATES  to  attend  the  upcoming  meeting  in  Urbana,  Illinois.  These 
rates  are  available  through  United  Airlines  as  the  official  carrier  for  the  1990  Division  of  Nuclear 
Physics  Fall  Meeting  of  the  APS.  They  are  offering  the  following  discounts  to  our  attendees: 

40%  Off  Regular  Coach  Fare 
5%  Off  Any  Restricted  Fare 

To  get  these  discounts,  you  need  to  use  the  following  “Profile  Number”  when  booking  your  flight; 

444EZ 


KJt  UniTED  AIRLIHES 


These  rates  are  subject  to  the  advance  purchase  requirements  of  United  Airlines,  so  book  your 
flight  soon.  These  rates  also  are  subject  to  the  following  restrictions: 

— ^These  offers  are  good  only  for  travel  to  and  from  the  Fall  Meeting,  from  21  October  1990 
to  30  October  1990. 

— ^These  offers  are  good  only  for  travel  within  the  continental  United  States. 

— Offers  good  on  United  Airlines  and  United  Express  Only! 

Please  call  this  toll  free  number  1-800-521-4041  between  8:00  AM  and  1 1:00  PM. 

Don’t  forget — you  must  use  the  profile  number  {444EZ)  to  procure  these  special  discounts. 
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Program  of  the  1990  Annual  Fall  Meeting 
of  the  Division  of  Nuclear  Physics 
Urbana-Champaign,  Hiinois;  24-27  October  1990 


PREAMBLE 

The  Annual  Fall  Meeting  of  the  Division  of  Nuclear  Phys¬ 
ics  will  be  held  24-27  October,  at  the  University  of  Illinois 
at  Urbana-Champaign.  These  dates  include  the  Wednes¬ 
day  workshops.  The  hosts  for  these  events  are  the  Nu¬ 
clear  Phjsics  Laboratory  and  the  Department  of  Physics. 
The  meetings  will  be  held  at  the  Loomis  Laboratory  of 
Physics. 

The  University  of  Illinois  is  fhe  academic  home  for  about 
35,000  students  and  about  2,000  faculty.  The  university 
houses  one  of  the  nation’s  premiere  science  and  engineer¬ 
ing  campuses  and  provides  education  to  about  5,000  un¬ 
dergraduate  science  and  engineering  students.  The  phys¬ 
ics  department  consists  of  about  70  members  of  faculty 
and  300  graduate  students,  and  its  research  comprises 
condensed  mattei  physics,  nuclear  and  particle  physics, 
astrophysics,  and  biophysics. 

The  University  is  situated  in  east-central  Illinois  amidst 
some  of  the  world’s  richest  farmland.  The  towns  of  Urba- 
na  and  Champaign  have  a  population  of  about  100,000 
people  (exclusive  of  students),  and  are  expanding  and  vi¬ 
brant  communities. 

MEETING  PROGRAM 

The  meeting  consists  of  six  sessions  of  invited  papers,  one 
.  f  which  is  a  plenary  session,  and  18  sessions  of  contribut- 
>-.d  papers.  Speakers  for  two  invited  sessions  have  been 
selected  by  the  program  committee,  using  nominations 
from  the  DNP  membership.  These  speakers  have  been 
placed  in  the  se^'^ions  on  “New  Ideas  on  Old  Problems” 
and  “Exploring  the  Nucleus  with  Heavy  Ions  ”  Two  ses¬ 
sions  of  invited  papers  have  been  arranged  by  subcommit¬ 
tees  on  topics  selected  by  the  program  committee.  One 
session  on  “Physics  and  Detectors  at  RHIC”  has  been  ar¬ 
ranged  by  S.  Nagamiya.  Another  session  on  “Electromag¬ 
netic  Structure  of  u  /ons”  has  been  arranged  by  R.  G. 
Ainold.  The  local  committee  has  arranged  a  session  on 
“Nuclear  Astrophysics.” 

The  191  contributed  abstracts  were  arranged  '  ito  18  ses 
sions  by  J.  M.  Dairiki,  K.  T.  Lesko,  W.  D.  Meyers,  and  H. 
G  Ritter  of  LBL,  and  J.  D.  Anderson  and  R.  W.  Bauer  of 
LLNL.  The  chairpersons  of  the  invited  sessions  have  been 
selected  by  the  program  cemrnittee.  The  arrangers  select¬ 
ed  chairpeisons  for  the  contributed  session,,  mainly  from 
suggestions  from  the  local  committee.  A  plenary  session 
“Nuclear  Physics  in  Society"  will  be  held  on  Thursday 
afternoon.  There  will  be  a  “Town  Meeting"  at  16.00  on 
Friday  afternoon. 


WORKSHOPS 

Prior  to  the  divisional  meeting,  two  workshops  will  be 
held  on  24  October.  A  workshop  on  “Effects  of  Correla¬ 
tions  in  Nuclei"  has  been  organized  by  V.  R.  Pandhari- 
pande,  G.  A.  Baym,  and  C.  N.  Papamcolas.  A  second 
workshop,  “Opportunities  with  Low-Energy  Antipro¬ 
tons,”  has  been  organized  by  D.  W.  Hertzog,  R.  A.  Eisen- 
stein,  and  A.  M.  Nathan. 


PLENARY  SESSION 

The  Plenary  Session  at  the  divisional  meeting  will  address 
a  new  set  of  issues  this  year.  Under  the  general  title  of 
“Nuclear  Physics  in  Society,”  the  session  will  examine 
areas  in  which  nuclear  physics  has  had,  or  is  having,  an 
important  role  to  play  in  society  at  large.  The  session  will 
begin  on  Thursday,  25  October,  at  13:30  in  the  Foellinger 
Auditorium  on  the  University  of  Illinois  campus.  The 
three  speakers  and  their  topics  will  be  Sidney  Drell  (Stan¬ 
ford  University),  “Nuclear  Physicists  and  Nuclear 
Weapons”;  Paul  DeLuca,  Jr.  (University  of  Wisconsin), 
“Recent  Advances  in  the  Use  of  Particle  Accelerators  for 
Radiation  Therapy”;  and  Hans  Bethe  (Cornell  Universi¬ 
ty),  “The  Importance  of  Nuclear  Power.”  Each  talk  will 
be  40-minutes  long  with  15  minutes  for  questions  at  the 
end. 


DEPARTMENT  COLLOQUIUM 

At  the  close  of  the  Plenary  Session,  the  Foellinger  Audito¬ 
rium  will  be  the  site  of  the  normal  physics  department  col¬ 
loquium,  which  for  this  date  is  being  given  in  conjunction 
with  the  divisional  meeting.  John  Bahcall  of  the  Institute 
for  Advanced  Study  in  Princeton  will  discuss  “Solar  Neu¬ 
trinos.”  This  talk  is  linked  to  the  invited  session 
scheduled  for  the  next  morning  on  the  topic  of  nuclear  as¬ 
trophysics. 

BUSINESS  MEETING/TOWN  MEETING 

As  part  of  a  continuing  effort  to  provide  timely  informa¬ 
tion  to  the  DNP  membeiship  and  to  provide  a  forum  for 
public  comment  on  issues  that  affect  our  field,  the  division 
will  hold  a  one-hour  “town  meeting"  style  business  meet¬ 
ing  at  16.00,  Friday  afternoon.  Reports  on  recent  happen¬ 
ings  of  interest  to  the  DNP,  a  report  on  recent  NSaC  ac¬ 
tivities,  and  updates  from  the  funding  agencies  will  be 
presented. 
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USERS’  GROUP  MEETINGS 

The  ATLAS  Users’  Group  Meeting  will  be  held  at  1 8:00, 
Thursday,  25  October,  in  Room  209  of  the  Illini  Union 

The  CEBAF  Users’  Information  Meeting  will  be  at  18  00, 
Thursday,  25  October;  preceding  this  there  will  be  a 
CEBAF  Users’  Social  at  17:30.  Both  events  will  be  held  in 
Room  314A  of  the  Illini  Union. 

The  Indiana  University  Cyclotron  Facilit>  (lUCF)  User's 
Group  Meeting  will  be  held  at  18.00,  Thursday,  25  Oc¬ 
tober,  in  the  General  Lounge  of  the  Illini  Union. 

There  will  be  a  meeting  at  18.00,  Thursda>,  25  October,  in 
Room  314B  of  the  Illini  Union  to  discuss  a  Radioactive 
lon-Bc-m  Facility  Users’  Group.  A  status  report  will  be 
given  by  the  steering  committee,  and  a  Users’  Group  will 
be  formed.  (See  DNP  Newsletter,  No.  83,  July  1990,  for 
more  details.) 

Bates  Users’  Group  Meeting  will  be  held  at  17:00,  Friday, 
26  October,  in  Room  136  of  the  Loomis  Laboratory  of 
Physics. 

The  Michigan  State  University  National  Superconducting 
Cyclotron  Laboratory  (MSUNSCL)  will  have  a  Users’ 
Group  Meeting  at  17:00,  Friday,  26  October,  in  Room  158 
of  the  Loomis  Laboratory  of  Physics. 

HHRIF  will  have  a  Users’  Group  Meeting  at  17:00  on  Fri¬ 
day,  26  October,  in  Room  144  of  the  Loomis  Laboratory 
of  Physics. 

HIGH  SCHOOLTEACHERS’  DAY 

The  Division  of  Nuclear  Physics  in  concert  with  the  Edu¬ 
cation  Office  is  planning  a  special  day  for  high  school 
teachers  on  Thursday,  25  October.  The  program  will  con¬ 
sist  of  lectures  by  noted  physicists  and  demonstrations  by 
high  school  teachers  for  high  schoolers.  A  luncheon  and 
handout  materials  are  planned. 

PARKING 

Limited  free  pari  .  ^  li,  available  in  Lot  B13  at  the  corner 
of  Springfield  Avenue  and  Gregory  Street.  These  spots  are 
intended  foi  those  who  arrive  via  car.  Others  should  use 
the  shuttle  bus  service. 

SHUTTLE  BUS  SERVICE 

Shuttle  buses  will  be  available  to  transport  people  from  the 
Days  Inn  University,  the  Chancellor  Hotel,  and  the  Uni¬ 
versity  Inn  to  the  conference  site.  Detailed  information 
(time  schedule  and  bus  stop  locations)  will  be  included  in 
the  regisiration  packet. 

RECEPTION  AND  BANQUET 

A  welcoming  reception  is  planned  for  Wednesday  evening, 
24  October  1990,  from  20.00-23.00  at  the  University  Inn. 
A  banquet  is  planned  for  Friday,  26  October  1990,  at  the 


Illini  Union.  A  cash  bar  reception  will  precede  the  ban¬ 
quet  in  the  South  Lounge  of  the  Illini  Union. 

No  formal  companion’s  program  is  offered  during  the 
meeting,  but  information  about  cultural  and  sporting  ac¬ 
tivities  and  about  sights  of  interest  in  the  surrounding  area 
will  be  available. 

REGISTRATION 

The  preregistration  fees  are  $80  for  APS  members,  $120 
for  nonmembers,  $10  for  retired  and  student  members, 
and  $20  for  workshop  attendance  (fee  waived  for  stu¬ 
dents).  A  late  fee  of  $10  will  be  added  after  7  September 
1990.  The  preregistration  form  is  located  on  page  1639. 

Registration  will  begin  at  8:00  in  the  southwest  lobby  of 
the  Loomis  Laboratory  of  Physics  for  both  workshops  on 
Wednesday,  24  October.  Registration  also  will  take  place 
at  the  Welcoming  Reception,  Wednesday  evening,  24  Oc¬ 
tober,  at  the  University  Inn.  Registration  will  continue  on 
Thursday,  25  October,  at  8:00  in  the  Loomis  Laboratory 
of  Physics. 

TRAVEL  AND  LODGING 

Urbana  is  located  approximately  140  miles  south  of  Chi¬ 
cago  and  120  miles  west  of  Indianapolis.  It  is  served  by 
the  University  of  Illinois  Willard  Airport.  There  are  fre¬ 
quent  connecting  flights  between  Champaign-Urbana  and 
St.  Louis,  Chicago  (both  O’Hare  and  Midway),  and  Day- 
ton,  OH  airports.  We  have  made  arrangements  with  Unit¬ 
ed  Airlines  for  special  discount  fares  for  this  meeting.  In 
addition  to  offering  40%  off  regular  unrestricted  coach 
fares.  United  also  will  discount  restrictive  fares  by  5%.  To 
reserve  these  fares,  call  United  at  1-800-521-4041  and  use 
the  profile  number  444EZ  reserved  for  attendees  of  this 
meeting.  The  University  of  Illinois  is  only  10-15  minutes 
from  Willard  Airport  and  limousine  service  is  both 
efficient  and  available  at  all  times.  Rental  cars  also  are 
available.  Urbana  is  approximately  24  hours  by  car  from 
Chicago,  2  hours  from  Indianapolis,  and  34  hours  from  St. 
Louis. 

A  block  of  rooms  has  been  reserved  at  three  local  hotels 
for  conference  attendees  and  their  guests  at  a  special  rate 
(plus  applicable  taxes).  To  obtain  these  special  prices,  tele¬ 
phone  the  hotel  of  your  choice  or  mail  the  reservation 
form  on  page  1638  to  the  respective  hotel  by  the  19  Sep¬ 
tember  1 990  deadline. 

LOCAL  COMMITTEE 

Members  of  the  local  organizing  committee  are  C.  N. 
Papanicolas  (Chairman),  G.  A.  Baym,  R.  A.  Eisenstein,  D. 
W.  Hertzog,  A.  M.  Nathan,  and  V.  R.  Pandharipande. 
For  further  information,  please  contact  the  conference 
coordinator:  Ms.  Penny  Sigler,  University  of  Illinois,  Nu¬ 
clear  Physics  Laboratory,  23  Stadium  Drive,  Champaign, 
IL  61820.  Telephone;  217-333-3190;  FAX.  217-333- 
12I5;BITNET:  SIGLER@UIUCNPL. 
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EPITOME 

(Chairpersons  are  in  parentheses.  Names  without  initials 
indicate  invited  speakers.  Meeting  Rooms  136,  141,  144, 
151,  and  158  are  in  the  Loomis  Laboratory  of  Physics.) 

WEDNESDAY  EVENING 

20:(X>-23:00  Registration  and  Reception.  Concorde 
Room,  University  Inn. 

THURSDAY  MORNING 

9:00  AA  Physics  and  Detectors  at  RHIC. 

Ledoux,  Ludlam,  Satz,  Harris.  (G.R. 
Young).  Room  141. 

AB  Low-Energy  Heavy-Ion  Reactions.  (Di- 
Gregorio).  Room  151. 

AC  Nuclear  Structure  I:  A<  100.  (M.  A. 

Deleplanque-Stephens).  Room  144. 

AD  Neutron  Physics.  (S.  Grimes).  Room 
136. 

AE  Theory  I:  Structure.  (V.  R.  Pandhari- 
pande).  Room  158. 

THURSDAY  AFTERNOON 

13:30  PA  Plenary  Invited  Session:  Nuclear  Physics 
in  Society.  Drell,  DeLuca,  Jr.,  Bethe. 
(R.  A.  Eisenstein).  Foellinger  Auditori¬ 
um,  University  of  Illinois. 

16:30  Department  Colloquium.  Bahcall.  (G. 

Baym). 

THURSDAY.  EVENING 

18:00  Atlas  Users’  Group.  Illini  Union,  Room 
209. 

18:00  CEBAF  Users’  Group.  Illini  Union, 
Room  314A  (17:30  Social). 

18:00  lUCF  Users’  Group.  Illini  Union,  Gen¬ 

eral  Lounge. 

18:00  Radioactive  Ion  Beam  Facility  Users’ 

Group  Formation  Meeting,  Illini  Union,. 
Room  314B. 

FRIDAY  MORNING 

9:00  BA  Nuclear  Astrophysics.  Turner,  Lattimer, 
Lamb,  Nagle.  (G.  Baym).  Room  141. 

BB  Instrumentation  1.  (R.  Laszewski). 

Room  151. 

BC  Nuclear  Structure  II:  A  >  100.  (D. 

Balamuth).  Room  144. 

BD  Polarization  and  Few  Nucleon.  (H. 


Weller).  Room  136. 

BE  Theory  II:  Reactions.  (J.  Vary).  Room 
158. 


FRIDAY  AFTERNOON 

13:30  CA  New  Ideas  on  Old  Problems.  Mitchell, 
Chupp,  Weller,  Magnon.  (B.  Clark). 
Room  141. 

CB  Intermediate  Energy  Heavy-Ion  Reac¬ 
tions.  (G.  Westfall).  Room  151. 

CC  Instrumentation  II.  (P.  Debevec). 
Room  144. 

CD  Nuclear  Reactions.  (C.  Goodman). 
Room  136. 

16:00  PB  Town  Meeting.  Paul,  Hendrie.  (J.  Ball). 
Room  141. 

17:00  Bates  Users’  Group,  Room  136. 

17:00  MSUNSCL  Users’  Group,  Room  158. 

17:00  HHRIF  Users’  Group,  Room  144. 


FRIDAY  EVENING 

18:00  Cash  Bar.  Illini  Union,  South  Lounge. 

19:00  Banquet.  Illini  Union,  Rooms  A,  B,  and 

C. 

SATURDAY  MORNING 

9:00  DA  Electromagnetic  Structure  of  Baryons. 

Filippone,  Bosted,  Carlton,  Mukho- 
padhyay,  Nathan.  (R.  G.  Arnold). 
Room  141. 

DB  High-Energy  Heavy-Ion  and  pp  Reac¬ 
tions.  (T.  Ludlam).  Room  151. 

DC  Weak  Interactions,  Fundamental  Sym¬ 
metries,  and  Novel  Nuclear  Phenomena. 
(D.  Beck).  Room  144. 

DD  Nuclear  Astrophysics  and  Radioactive 
Beams.  (C.  N.  Papanicolas).  Room  136. 
DE  Theory  III:  High  Energy.  (J.  M.  Latti¬ 
mer).  Room  158. 

SATURDAY  AFTERNOON 

14:00  EA  Exploring  the  Nucleus  with  Heavy  Ions. 

Robinson,  DiGregorio,  McVoy,  Vary. 
(C.  Gossett).  Room  141. 

EB  Electron  Scattering.  (M.  K.  Brussel). 
Room  151. 

EC  Giant  Resonances.  (S.  Williamson). 
Room  144. 

ED  Theory  IV:  General.  (D.  G.  Ravenhall). 
Room  136. 
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Thursday  Morning 


MAIN  TEXT 

INVITED  SESSION  AA:  PHYSICS  AND  DETECTORS  AT  RHIC 

Thursday  morning,  25  October  1990;  Room  141,  Loomis  Laboratory  at  9:00;  G.  R.  Young,  presiding 


9:00 

AA  1  What  Have  We  Learned  from  the  Heavy-Ion  Collisions  at  the  BNL-AGS  and  CERN-SPS? 
ROBERT  LEDOUX,  Massachusetts  Institute  of  Technology. 


Relativistic  heavy  ion  beams  have  been  available  at  Brookhaven  National  Lab 
(14.6  GeV-A,  160  and  28Si)  and  CERN  (60-200  GeV-A,  160  and  32S)  since  1986.  A 
review  of  the  data  obtained  from  a  wide  variety  of  experiments  will  be  given 
with  particular  emphasis  on  results  which  are  not  easily  explained  as  an 
incoherent  superposition  of  p+p  collisions.  Driving  the  study  of  these  heavy- 
ion  collisions  is  the  expectation  that  a  new  state  of  matter,  a  Quark-Gluon 
Plasma  (QGP) ,  might  be  observed.  The  latest  results  from  these  experiments 
will  be  presented  and  evaluated  with  respect  to  proposed  signatures  of  plasma 
formation. 


9:36 

AA  2  Overview  of  the  RHIC  Project.*  T.  LUDLAM,  Brookhaven  National  Laboratory. 


The  Relativistic  Heavy  Ion  Collider  (RHIC)  project  at  Brookhaven  is  scheduled 
to  start  construction  in  1991  and  is  expected  to  begin  carrying  out 
experiments  by  mid-1997.  A  high  energy  collider  for  heavy  ion  beams,  the  RHIC 
facility  will  collide  the  heaviest  nuclear  beams  at  center-of-mass  energies  up 
to  200  GeV  per  nucleon,  providing  the  means  for  studying  new  phenomena  in 
nuclear  matter  at  extreme  conditions  of  temperature  and  density. 

As  preparations  are  made  to  begin  construction  of  the  accelerator  and  its 
detectors,  R&D  for  the  project  has  been  underway  since  1987,  supported  by  the 
U.S.  Department  of  Energy.  This  past  April,  Brookhaven  Laboratory  issued  a 
call  for  Letters  of  Intent  for  experiments  at  RHIC,  and  a  community-wide 
effort  is  now  in  progress  to  design  experiments  and  develop  detector 
techniques  for  the  project. 

This  talk  will  describe  the  basic  physics  issues  which  RHIC  is  Intended  to 
address,  and  the  corresponding  design  and  performance  goals  for  the  machine. 
The  status  of  R&D  work  on  the  major  components  of  the  machine,  expecially  the 
superconducting  magnets  will  be  adressed,  as  well  as  other  accelerator  issues 
which  relate  to  the  ultimate  performance  of  the  collider.  The  detector  R&D 
program  will  be  discussed,  as  will  the  status  of  Brookhaven's  plans  for 
implementing  the  research  program  at  RHIC. 

*Work  performed  under  the  auspices  of  the  United  States  Department  of  Energy 
under  contract  DE-AC02-76CH00016. 


10:12 

AA3  Theoretical  Insight  of  RHIC  Physics.  H.  SATZ,  CERM 


10:48 

AA  4  Prospective  RHIC  Experiments:  Physics,  Detectors  and  R&D.  JOHN  W.  HARRIS,  Lawrence  Berkeley  Laboratory. 


With  the  prospect  of  a  Relativistic  Heavy  Ion  Collider  on  the  horizon,  physies  interests  have  been  discussed  and  colla¬ 
borations  have  formed  to  pursue  various  experiments.  These  experiments  include,  a  large  solid  angle  lepton  (muon  and 
electron)  pair  experiment  to  search  for  a  predicted  suppression  of  the  J/  y  resonance  in  a  quark-gluon  plasma,  an  elec^n 
pair  experiment  to  measure  low  mass  pairs  to  study  effects  of  chiral  symmetry  restoration  in  addition  to  J/  y  production, 
spectrometers  of  small  and  large  solid  angle  (up  to  A 12  =  1  sr)  to  study  particle  production  in  detail  via  spectra  and  corre¬ 
lations,  large  acceptance  tracking  experiments  to  study  aspects  of  panicle  production  on  an  event-by-event  basis,  large 
acceptance  calorimeter  experiments  to  measure  energy  density  and  jet  production,  as  a  means  of  studying  the  propagation 
of  quarks  and  gluons  through  hadronic  and  quark  matter,  an  experiment  to  measure  photons  produced  directly  from  the 
plasma,  and  various  expenments  of  smaller  scale  studying  specific  aspects  of  plasma  formation.  With  the  possibility  of 
RHIC  experiments  in  1997,  there  is  a  large  amount  of  research  and  development  work  necessary  before  effective  design 
and  fabrication  of  experiments  can  take  place.  An  overview  of  prospective  RHIC  experiments  and  their  respective  physics 
goals  will  be  presented.  Areas  of  immediate  need  for  research  and  development  (R  *&  D)  projects  and  progress  on  R  &  D 
projects  already  underway  will  be  pointed  out. 

‘This  work  was  supported  by  the  Director,  Office  of  Energy  Research,  Division  of  Nuclear  Physics  of  the  Office  of  High 
Energy  and  Nuclear  Physics  of  the  U.S.  Deparunent  Of  Energy  under  Contract  DE-ACO3-76SF0O()98 
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Thursday  Morning 


SESSION  AB:  LOW-ENERGY  HEAVV-ION  REACTIONS 
Thursday  morning,  25  October  1990 
Room  151,  Loomis  Laboratory  at  9:00 
D.  DiGrcgorio,  presiding 

9:00 

AB  I  Spin  Distributions  In  Heavy  Ion  Fuslon-flsslon 
Reactions*  B.  B.  BACK.  R.  R.  BETTS.  P.  FERNANDEZ, 

B.  G.  GLAGOLA,  T.  HAPP,  AHD  D.  HENDERSON,  Argonne 
National  Laboratory,  Argonne,  IL.  H.  IKEZOE,  J.A.E.R.I. 
Ibarakl-ken;  Japan.  Ph.  BENET,  Purdue  University,  West 
Lafayette,  IN.  Fission  fragment  angular  distributions 
have  been  measured  for  the  reaction  at  beam 

energies  of  78.2,  82.2,  86.6,  and  100.6  MeV.  In  this 
experiment,  it  vas  possible  to  determine  the  relative 
contributions  of  fragments  from  both  the  fission  decay 
of  the  completely  fused  system,  and  the 

sequential  fission  decay  of  nuclei  in  the  Th  region, 
populated  in  inelastic  scattering  and/or  transfer 
reactions  on  the  Th  target.  This  separation  was  made 
possible  by  using  time-of-flight  measurements.  It  was 
found  that  fragments  from  fission  of  248(;f  showed  t 
somewhat  smaller  angular  anisotropy  as  compared  with 
earlier  measurements  in  which  the  sequential  fission 
component  was  not  excluded.  The  anisotropies  found  in 
the  present  experiment  are,  however,  even  with  this 
correction,  somewhat  larger  than  expected  on  the  basis 
of  theoretical  models. 

*This  work  was  supported  by  the  U.S.  Department  of 
Energy,  Nuclear  Physics  Division,  under  contract 
W-31-109-ENG-38  and  DE-FG-02-87ER40346. 


9:12 

AB  2  Gamma-ray  Multiplicity  Distributions  in  the 
Sub-Barrier  Fusion  of  A.  H.  WUOSMAA,  B. 

B,  BACK,  Ph,  BENET,  R.  R.  BETTS,  M.P.  CARPENTER,  P.B, 
FERNANDEZ,  B,  G.  GLAGOLA,  T.  HAPP,  R.V.F.  JANSSENS, 
T.L.  KHOO,  F.  SCARLARASSA,  Argonne  National  Labora¬ 
tory  -  We  have  measured 't  -ray  multiplicity  distributions  from 
the  fusion  of  and  at  energies  near  and  below  the 

Coulomb  barrier.  Evaporation  residue-^-ray  coincidences  were  ob¬ 
tained  at  five  energies  ranging  from  E/os=80  to  60  MeV.  Evapora¬ 
tion  residues  were  separated  from  the  beam  using  an  electrostatic 
deflector  and  detected  using  a  25  clement  silicon  detector  array. 
Discrete-line  7  ray  data  and  7  -ray  multiplicity  information  were 
obtained  using  the  Argonne-Notre  Dame  BGO  7-ray  spectrome¬ 
ter.  An  analysis  of  discrete-line  data  as  well  as  7-ray  multiplicity 
distributions  will  be  presented. 

*  Supported  by  the  U.S.  DOE,  Nuclear  Physics  Division,  under 
contract  W-31-109-ENG-38. 


9:24 

AB  3  Refractive  Effects  In  Elastic  Scattering 

at  20  MeV/nucleon  M  E  BRANDAN,  S.SOBERANO,  E  BELMONT- 
MORENO,  A.MENCHACA-ROCHA,  Institute  de  Fislca,  U.N.A.M. , 
Mexico  D.F. .  M.GONIN,  R.WADA,  and  J.NATOWITZ,  Cyclotron 
Institute,  Texas  A&M  University,  College  Station,  Texas. 
The  elastic  scattering  of  280  MeV  '  N  off  '^C  has  been 
measured  using  a  beam  from  the  new  K-500  cyclotron  at 
TAMU.  The  angular  distribution,  up  to  38°  In  the  c.ra. , 
displays  a  Fraunhofer  crossover  followed  by  an 
structureless  falloff.  The  optical  model  analysis,  using 
phenomenological  and  folding  model  (DDH3Y  effective 
interaction)  potentials,  indicates  important  nuclear 
refractive  contributions  to  the  scattering,  but  cannot 
resolve  the  ambiguity  between  weakly-  or  strongly- 
absorbing  potentials.  The  consistency  of  these  results 
with  others  recently  obtained  for  *  u  +'‘C  and  C  +  0 
at  similar  energies  will  bo  discussed. 


9:36 

AB4_  Alpha-particle -emission  from  thej^S  +  Z^Mg-teagtion. 

F.W.  Prosser,  A.T.  Hasan,  and  S.J.  Sanders,  University  of  Kansas. 
D.G.  Kovar,  B.B.  Back,  C.  Beck,  D.J.  Henderson,  R.V.F.  Janssens, 
and  T.F.  Wang,  Argonne  National  Laboratory. — The  spectra  of  al¬ 
pha  particles  emitted  in  the  interaction  of  have  been  ob¬ 

tained  at  E(^^S)  =  121  and  142  MeV.  These  spectra  are  being  com¬ 
pared  with  predictions  of  the  Monte-Carlo,  statistical-evaporation 
code  PACE.  The  results  of  these  comparisons,  at  energies  where 
incomplete  momentum-transfer  processes  are  expected  to  be  neg¬ 
ligible,  will  serve  as  calibration  standards  for  use  in  the  analysis 
of  planned  higher  energy  experiments  where  significant  incomplete 
fusion  is  expected.  Alpha-heavy-residue  coincidence  spectra  have 
also  been  obtained  to  further  constrain  the  analysis.  This  work  was 
supported  by  the  U.S.  Department  of  Energy,  Nuclear  Physics  Divi¬ 
sion,  under  Contracts  DE-FG02-89ER40506  and  W-31-109- Eng-38. 


9:48 

AB  5  Light  Particles,  Fission  Fragments,  and  Evaporation  Residues 
from  ^^Si  -P  *^*Sb  Reactions  at  344  MeV  C.  COPI,  P.A.  DEY¬ 
OUNG,  J.  SARAFA,  Hope  College,  M.  KAPLAN,  P.  KAROL,  D. 
MOSES,  W.  PARKER,  E.  VARDACI,  Cariicgie-MeUon  U.,  G.  GIL- 
FOYLE,  U.ofRicImiond.  and  E.  REHM,  Argonne  Nat.  Lab.  -We 
have  studied  the  decay  of  nuclei  produced  at  an  excitation 

energy  of  240  MeV  by  the  reaction  344-McV  ^®Si  -f  *^’Sb  at  the  AT¬ 
LAS  facility.  Light  charged  particles  and  fission  fragments  were  mea¬ 
sured  using  Si  telescopes  and  time-of-flight,  and  evaporation  residues 
were  detected  in  a  split-pole  magnetic  spectrograph  which  served  to 
eliminate  contamination  from  other  reaction  products.  In  addition  to 
singles  measurements,  coincidences  were  recorded  between  light  par¬ 
ticles  and  fission  fragments,  light  particles  and  evaporation  residues, 
and  light  particles  and  other  light  particles.  The  combination  of  sin¬ 
gles  data  with  the  various  coincidence  measurements  provides  strong 
constraints  on  the  analyses  of  the  de-excitation  channels,  and  yields 
insight  into  the  de-excitation  mechanisms  of  hot  nuclei. 

This  work  was  supported  by  the  NSF  and  the  DOE 


10:00 

AB  6  Light  Particle  -  Light  Particle  Correlations  from  -f  ^^Al 
Reactions  at  10.5  and  21.5  MeV  J.  SARAFA,  P.A.  DEYOUNG,  C. 
GELDERLOOS,  R.  SEDLAR,  Hope  College-,  R.L.  MCGRATH,  G. 
GILFOYLE,  and  V.  DATAR  SUNY,  Stony  Brookf  -We  have  mea¬ 
sured  small  angle  correlations  between  light  particles  (p,d,t,a)  at  the 
two  beam  energies  of  105  and  215  MeV  for  the  ^^S-h^'Al  system. 
As  for  earlier  work',  at  these  energies  and  at  the  angles  chosen  for 
the  detectors,  significant  numbers  of  light  particles  originate  from 
statistical  emission  from  a  compound  nucleus.  Thus  the  measured 
correlation  functions  should  reflect  source  sizes  and  time  scales  con¬ 
sistent  with  a  long  lived,  relatively  large  emitter.  The  results  of  p-p 
and  p-d  correlation  functions  will  be  compared  with  the  results  of 
a  model  based  on  statistical  emission.  The  small  angle  correlation 
functions  will  also  be  compared  to  the  results  from  earlier  work. 
♦Supported  by  the  NSF  and  by  a  William  and  Flora  Hewlett  Grant 
of  Research  Corporation. 
fSupported  by  the  NSF  and  the  DOE 
'P.A.  DeYoung,  ct  ah,  Phys.  Rev.  C41,  R1885  (1990). 


10:12 

AB  7  Cross  Sections  of  Intermediate  M.is.scs  from  "*0  +  ^^Al 

lie.actions  at  HO  MeV  P.A  DEYOUNG,  C.  COPI,  Hope  Collcgcf, 
L.L  LEE,  Jr ,  R.L.  MCGRATH,  A.L.  CARALEY,  W.J.  KERNAN, 
C.F.  LIANG,  and  J.C.  MAHON  SUNY,  Stony  Brookf  -We  have 
measured  particles  of  mass  1  to  in.ass  12  from  the  '"O  -b  A1 


Vol.  35,  No.  8(1990) 


1646 


system  at  140  MeV'.  Tlie  narrow  timing  properties  of  the  SUNY 
Stoii>  Brook  LINAC  made  it  possible  to  determine  riiaas  fiom  time 
of  flight  witli  single  element  Si  detectors.  The  single  element  con 
figuration  resulted  in  eneigj  thresholds  which  ranged  from  1.5  MeV 
for  mass  1  to  5  MeV  for  mass  12  (primarily  limited  bj  the  flight 
path)  and  the  angle  range  covered  was  30°  to  175°  The  experimen¬ 
tal  conflguration  was  optimized  to  measure  emission  of  these  masses 
from  the  compound  nucleus  The  implications  of  these  results  for  un 
derstanding  the  pie\iou5l>  ineasuied'  correlation  functions  involving 
the  breakup  of  particle  unbound  resonant  states  will  be  discussed. 
fSupported  by  the  NSF 

'P.A.  DeYoung,  et  ah,  Phys.  Rev.  Cdl,  R1885  (1090). 


10:24 

AB  8  Selective  population-of  states  in  from  the  symmetric 
fission  of  °°Ni,  S.J.  Sanders,  F.W.  Prosser,  University  of  Kansas, 
B.B.  Back,  Ph.  Benet,  R.R.  Betts,  M.P.  Carpenter,  D.J.  Hen¬ 
derson,  R.V.F.  Janssens,  T.L.  Khog,  F.  Moore,  F.L.H.  Wolfs, 
A  H  Wuosmaa,  Argonne  National  Laboratory,  and  K.B.  Beard, 
Notre  Dame  Univeisity.— We  have  studied  the  population  of  states 
in  ^®Si  produced  in  the  reaction  at  E(ai(^^S)  =  120  MeV. 

Particle-7  coincidences  were  measured  using  the  Argonne-Notre 
Dame  7-ray  facility.  identification  was  achieved  by  detecting 
in  coincidence  both  fragments  from  the  binary  breakup  of  the 
compound  nucleus.  Two  20  cm  x  20  cm  position-sensitive,  multi¬ 
wire  proportional  counters,  located  on  opposite  sides  of  the  beam 
axis  at  ±35°,  were  used  for  the  particle  detection.  The  positioning 
of  these  detectors  at  large  angles  selects  events  where  the  ^*Si  frag¬ 
ments  are  fully  energy  damped.  Coincident  7-rays  were  detected 
using  eight  Compton  suppressed  Ge  detectors  and  a  42  element, 
close-packed  array  of  BGO  detectors.  A  non-statistical  population 
of  states  in  the  ^®Si  fragments  is  observed.  The  implications  of  these 
results  on  our  understanding  of  the  structure  of  the  scission  con¬ 
figuration  will  be  discussed.  This  work  was  supported  by  the  U.S. 
Department  of  Energy,  Nuclear  Physics  Division,  under  Contracts 
DE-FG02-89ER40506  and  W.31-109-Eng-38. 


10:36 

AB  9  Energy  Dependence  of  Quasi-Elastic 

TVansfer  Reaction  in  the  System  ",  J.  F.  Liang, 

J.  C.  Mahon,  A.  A.  Soler,  R.  J.  Vojtech,  and  L.  L.  Lee, 
Jr  S.U.N  Y.  at  Stony  Brook  Energy  integrated  differential 
cross  sections  hove  been  measured  for  few-  nucleon  transfer  reac¬ 
tions  in  -f  ■'^Nb  at  laboratory  ’’S  energies  of  116  MeV  (the 
Coulomb  Barrier)  and  140  MeV.  Mass  identification  of  the  sulfur 
like  reaction  products  was  obtained  through  time-of-flight,  using 
the  bunched  LINAC  beam  as  time  reference.  Where  possible  Z 
identification  was  also  made  by  using  AE-E  telescopes.  These 
measurements  can  be  combined  with  our  earlier  results'  '  at  other 
near-barrier  energies  to  provide  a  picture  of  the  energy  evolution 
of  these  reactions.  Comparison  will  be  made  with  the  predictions 
of  DWBA  calculations  and  other  approaches  to  describing  the  re¬ 
action  mechanism. 

Work  supported  by  the  National  Science  Foundation 
'J.  F.  Liang  et  al.  Bull.  Am.  Phys.  Soc.  24,1808  (1989) 

•R.  B.  Roberts  et  al.  Bull.  Am.  Phys.  Soc.  34,1809  (1989) 


10:48 

AB  10  Quasielastic  Scattering  and  TVansfer  Reactions  for 
20«pb  +  23SU:  K.G.  iielmer,  C.Y.  Wu,  D-  Cline,  E.G.  Vogt, 
W.J.  KernaN;  A.E.  Kavka  t’riiiersi/ji  0/  Rochesier,  M.A.  Stover, 
M.A.  Deleplanque,  R.M.  Diamond,  M.  Lee,  A.O.  Macchiavelli, 
R.  McDonald,  J.O.  Rasmussen,  F.S.  Stephens  LBL,  and  X.T. 


Thursday  Morning 

Liu,  University  of  Tenessee — The  reaction  at  a  beam  energy 

of  1394  MeV  was  studied  using  LBL’s  SuperlllLAC  and  14  Compton- 
suppressed  Ge  detectors.  In  the  one-neutron  pickup  reaction  ^^®U(^®®Pb, 
207pb)J3tu,  gp,„  states  up  to  28''’(30+)  were  identified  from  7  -  7  co¬ 
incidence  spectra.  Evidence  for  a  band  crossing  is  noted  in  the  spin  20 
region.  A  comparison  is  made  with  the  transferred  angular  momentum 
in  the  inelastic  excitation  and  in  the  one-neutron  transfer  7-7  coinci¬ 
dence  spectra,  with  those  of  a  previous  experiment^  using  *®Ni  as  the 
projectile.  Results  will  be  compared  with  semiclassical  calculations  of 
the  inelastic  populations  for  each  projectile. 

'This  work  supported  by  the  NSF  and  DOE 

‘C.Y.  Wu,  X.T.  Liu  et.  al.  Phys.  Lett.  B  188  25  (1987) 


11:00 

AB  1 1  Evaporation  Residues  at  E*  «  400  MeV.^  R.  A  ESTERLUND, 
S.  BEIERSDORF,  M.  KNAACK,  B.  JACKEL,  W.  WESTMEIER,  P.  PATZELT,  FJ>. 
HEBBERGER  AND  V.  NINO V,  Institut  filr  Kemchemie  Marburg  and  GSI 
Darmstadt.  -  Using  offline  gamma-ray  spectrometry  together  with 
the  velocity  separator  SHIP  at  GSI,  we  have  measured  cross  sections 
and  angular  distributions  for  evaporation  residues  (ER)  in  the 
reaction  15  MeV/u  ‘’®Ar  +  ^Sm.  The  compound  nucleus  (CN) 
^^‘’Hg  has  an  initial  excitation  energy  of  ca.  400  MeV.  The  gaussian- 
like  BR  mass-yield  distribution  has  its  centroid  at  A  »  160  and  an 
area  of  ca  1.9  mb.  When  corrected  by  the  calculated  SHIP  efficiency 
e  s5  0.04,  this  gives  a  total  deduced  ER  cross  section  of  ca.  48  mb  (l^j^ 
~  33).  The  product  moving-frame  angular  distributions  as  well  as 
genetic  analyses  of  parent-daughter  decay  curves  indicate  that 
products  with  A  >  160  are  pure  ER,  whereas  lower-mass  product 
yields  require  small  corrections  for  deep-inelastic  contributions.  As 
empirical  ^stematics  derived  for  much  lower  enerpes  predict  an 
ss  35  for  *^^Hg,  we  consider  our  deduced  ER  yield  to  surprisin^y 
large.  Such  data  might  be  explained  by  an  initial  de-excitaticn  stage 
of  the  CN  in  which  sizeable  nucleon  emission  multiph'cities  provide 
sufficiently  fast  cooling  so  as  to  prevent  fission. 

^  Research  supported  by  the  BMFT,  contract  number  06  MR  107. 


11:12 

AB  12  Study  of  fission  dynamics  via  prompt 

muon-induced  fission.  V.E.  OBERACKER,  A.S. 
OMAR,  J.C.  WELLS,  Vanderbilt  Univ. ■  J.  WU,  M.R. 
STRAYER,  C.  BOTTCHER,  ORNL.*  --  Prompt  fission 
of  actinide  nuclei  induced  by  muon  beams  allows 
us  to  study  the  nuclear  viscosity  during 
fission.  Following  atomic  muon  capture,  the 
inner-shell  transitions  may  proceed  by  inverse 
internal  conversion,  i.e.  the  muonic  excitation 
energy  is  transferred  to  the  nucleus.  In 
actinides,  the  2p->ls  and  3d->ls  transition 
energies  are  of  order  6.5  -  10  MeV  and  result 
in  excitation  of  the  El  and  E2  giant  resonances 
which  act  as  doorway  states  for  fission.  We 
solve  the  time-development  of  the  muonic 
wavefunction  (4-spinor)  in  the  Coulomb  field  of 
the  fissioning  nucleus,  using  a  3-d  lattice 
representation  of  the  Dirac  equation.  The  muon 
attachment  to  the  light  fission  fragment  is  a 
measure  of  the  nuclear  viscosity  between  saddle 
and  scission  point. 

*  Supported  by  grants  from  DOE  and  the  National 
Center  for  Supercomputing  Applications  (NCSA) 


Supplementary  papers 

AB  13  Search  for  Berry’s  Phase  Effects  in  Rotational 
Nuclei?  K.G.  Helmer,  C.Y.  Wu,  D.  Cline,  A.E.  Kavka,  W.J. 
Kernan,  E.G.  Vogt  University  of  Rochester,  M.W.  Guidry,  X.L. 
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Thursday  Morning 


Han,  R.W.  Kincaid,  X.T.  Liu,  H.  Schecter  Universiiy  of  Tenessee, 
J.O.  Rasmussen,  A.  SiiiiiAB-iiLDiN,  M.A.  Stoyer  LBL,  and  M.L 
Halbert,  I.Y.  Lee,  ORNL — Ihe  idea  of  diabolic  pair  transfer  has  re¬ 
cently  been  of  great  interest  and  has  been  explained*  as  a  manifestation 
of  Berry’s  Phase  in  rotational  nuclei.  An  experiment  has  been  performed 
to  look  for  evidence  of  this  effect  in  the  rare-earth  region.  The  reaction 
'®®Gd  -i-^“  Pb  at  a  beam  energy  of  888  MeV  was  studied  using  the 
Spin  Spectrometer,  the  scattered  ions  were  detected  in  coincidence  with 
the  deexcitation  7  rajs.  Fifteen  Coniptou-suppressed  Ge  detectors  were 
used.  Data  for  both  two-neutron  pickup  and  stripping  reactions  (leading 
to  was  analyzed.  The  results  will  be  presented  and  compared 

with  the  predictions  of  a  semiclassical  calculation  that  includes  CHFB 
form  factors. 

’This  work  supported  by  the  NSF  and  DOF) 

*R.S.  Nikam  and  P.  Ring,  Phys.  Rev.  Lett  58  980  (1987) 


AB  14  Variation  of  Fissionlike  Angular-Distribution  Anisotropies 
with  Exit-Channel  Mas.s  Asymmetry.^  R.  A.  ESTERLUND.  M.  KNaack. 
B.  JACKEL,  W.  WESTMEIER,  and  P.  PATZELT,  Tnstitut  fur  Kernchemie 
Marburg.  -  The  dependence  of  the  angular  distribution  anisotropy 
Aj,  =  W(0°,  180°)/W(90°)  for  fission/fissionlike  processes  on  exit- 
channel  product  mass  asymmetry  a  has  been  determined  for  the 
systems  5.2  Me\7u  “'^Ar  +  ^®^Ta.  As  in  the  system  5.3,  7.5 

MeV/u  “'^Ar  +  ^®^Au,  we  observe  an  increase  in  A^  with  increasing 
I  a  I ,  although  not  as  pronounced  as  in  the  latter  ^stem.  As  before, 
asymmetry  about  90°  in  the  rest  frame  is  observed  at  large  |  a  1 ,  even 
though  the  corresponding  mass  bins  lie  within  the  symmetric 
component.  Comparisons  of  Transition-State  Model  (TSM)  and 
Statistical  Scission  Model  (SSM)  predictions  for  A^  with  oata  at 
mass  symmetry  show  overall  good  agreement,  in  contrast  to  the 
system  ‘***Ar  +  *^^Au.  Some  measurements  elsewhere  of  gamma 
multiplicities  as  a  function  of  fission  product  mass  show  a  decrease 
with  increasing  |a:|,  which  correlates  with  a  decrease  in  exit- 
channel  product  spin  with  |  a  | .  This  decrease  In  can  In  turn  be 
correlated  vtd  the  SSM  with  an  increase  in  A„,  which  is  consistent 
with  our  observations  on  the  behavior  of  A^  with  1  a  | . 

5  Research  supported  by  the  BMFT,  contract  number  06  MR  107. 


SESSION  AC:  NUCLEAR  STRUCTURE  I:  ^<100 
Thursday  morning,  25  October  1990 
Room  144,  Loomis  Laboratory  at  9:00 
M.-A.  Dcleplanque-Stephens,  presiding 


9:100 

AC  I  The  ReneCion  on  ’’Be.  »°B.  “B  and 

ii£.  L.M.  COMER,  E.L.  REBER,  S.M.  AZIZ,  and  K.W. 
KEMPER,  Florida  State  U.  and  J.D.  BROHN,  Princeton  U  -- 
The  possibility  that  the  Isolated  single  peaks  observed 
in  the  (p,s''^)  reaction*  around  22  MeV  in  excitation  in 
*®C,  and  are  T^  states  has  led  us  to  investigate 
the  (’Be, *110)  reaction.  This  reaction  can  populace 
these  states  1£  the  three  particle  transfer  Is  not 
cluster -like.  Data  have  been  taken  at  bombarding 
energies  of  40  and  73  MeV.  The  differential  cross 
sections  range  from  a  high  of  80pb/sr  on  ’Be  to  about 
lOpb/sr  on  *’C.  The  O'*”,  T-1  state  at  2.31  MeV  in  *°N  is 
not  observed.  Spectra  for  all  ejectiles  from  *®Be  down 
Co  *He  will  be  presented. 

1.  E.  Korkmaz  et  al..  Phys.  Rev.  C^,  813  (1989);  S.H. 
Aziz,  Ph.D.  Dissertation  (1988). 

’*'tfork  supported  by  the  National  Science  Foundation. 


9:12 

AC  2  The  1-forbldden  Gamov-Teller  Decay  of  *’Ca. 
E.  HAGBERG,  T.K.  ALEXANDER,  G.R.  DYCK,  V.T.  KOSLOWSKY, 
G.C.  BALL,  J.S.  FORSTER,  J.C.  HARDY,  H.  SCHMEING,  Atomic 
Energy  of  Canada  Limited.  J.R.  LESLIE  and  H.-B.  MAK, 
Queen's  University.  ---  The  p  decay  from  ^’Ca  to  the 
first  excited  state  in  ”K  is  1  forbidden  (0d3/2 
lsl/2).  It  can  thus  proceed  only  through  second  order 
effects  such  as  core  polarization,  meson-exchange 
currents  and  delta  excitations  in  the  nucleus.  The  same 
is  true  for  the  Ml  transition  connecting  the  first 
excited  state  in  *’K  with  the  ground  state  (lsl/2  -• 
0d3/2);  in  fact  a  comparison  between  the  Ml  and  GT 
transitions  provides  a  powerful  constraint  on  the  theory 
behind  these  second  order  effects. 

At  present,  theory  and  experiment  do  not  agree. 
There  are  several  consistent  sets  of  data  on  the  Ml 
transition  but  only  one  measurement  of  the  GT  matrix 
element.  Ve  are  therefore  in  the  process  of  re-measuring 
the  GT  transition.  The  difficulty  in  this  experiment  is 
that  a  very  weak  branch  (-2x10'®)  has  to  be  measured  in 
the  presence  of  the  dominating  ground-state  decay  branch. 
Cate  has  to  be  taken  to  minimize  the  7- ray  background 
generated  by  this  strong  transition.  Our  experimental 
procedure  will  be  outlined  and  a  status  report  on  the 
experiment  will  be  given. 


9:24 

AC  3  MASS  MEASUREMENT  OF  NEON  THROUGH. ARGON 
NEUTRON-RICH  NUCLEI*  X.G.  Zhou,  X.L.  Tu,  V.G.  Lmd, 
Utah  St.  IT..  D.J.  Vieira,  J.M.  Wouters,  Los  Alamos  Nat.  Lab.. 
Z.Y.  Zhou,  Nanjing  U.  fc  Los  Al.amos  Nat.  Lab..  H.L.  Seifert, 
U.  Gie.s5cn  fc  Los  Alamos  Nat.  Lab.  The  masses  of  several  neu- 
tron-ridi  nuclei  for  the  isotopes  of  neon  through  argon  have  been 
measured  using  the  TOFI  recoil  spectrometer  located  at  LAMPF. 
The  nuclei  were -produced  via  the  bombardment  of  a  1  mg/cm* 
"‘’’Th  target  with  SOOMeV  protons.  Two  fast  timing  detectors 
at  the  entrance  and  exit  of  the  TOFI  spectrometer  were  used  to 
measure  the  ion’s  TOF  with  high  precision  (t/At>3000)  since 
the  TOF  is  directly  proportional  to  an  ion’s  mass-to-charge  ra¬ 
tio.  A  Bragg-curve  gas  ionization  counter,  located  at  the  end  of 
TOFI,  was  used  to  determine  the  atomic  number  and  energy  of 
the  recoils.  By  combining  a  velocity  measurement,  as  determined 
before  the  spectrometer  with  the  energy  and  mass-to-charge  ra¬ 
tio  information,  the  charge  of  eacli  ion  could  be  defined.  Since 
charge  is  quantized  one  can  obtain  a  high  precision  measurement 
of  an  ion’s  mass  directly  from  the  mass-to-chMge  measurement. 
The  new  masses  of  this  experiment  will  be  compared  with  several 
mass  models  and  a  recent  sdfp  shell  calculation^'^ 

^'^E.K.  Warburton,  et  al.,  Phys.  Rev.  C  41, 1147  (1990) 

*  Work  supported  by  U.S.  Department  of  Energy. 


AC^  EXTENSION  OF  THE  MASS  SURFACE  FOR  EXOTIC- 
NEUTRON-RICH  ISOTOPES  IN  THE  Z=17-26  REGION*  X. 
L.  Tu,  X.G.  Zhou,  V.G.  Lind,  Utah  St.  U..  D.J.  Vieira,  J.M. 
Wouters,  Los  Alamos  Nat.  Lab..  Z  Y  Zhou,  Nanjing  U.  &  Los 
Alamos  Nat.  Lab..  H  L  Seifert,  IJ. Giessen  fc  Los  Alamo.s  Nat. 
Lab.  Over  30  neutron  rich  isotope  iriasscs  from  chlorine  through 
iron  have  been  measured  by  using  the  TOFI  spectrometer  at 
LAMPF.  This  large  new  set  of  data  has  enabled  us  to  extend  neu¬ 
tron  and  proton  painng  energy  calculations  to  more  neutron-rich 
nuclei  and  evaluate  the  reported  neutron-excess  (I)  dependence 
in  a  region  (Z=21-26)  where  pairing  energies  are  expected  to  be 
relatively  large  and  the  mass  surface  reasonably  smooth.  The  in¬ 
vestigation  leads  to  the  mixed  conclusion  that  an  I^  dependence 
is  evident  in  Z=21-23  unclci,  but  that  little  or  no  dependence 
is  observed  in  the  Z=24-27  isotopes.  Moreover,  our  data  delin¬ 
eates  a  new  region  of  enhanced  binding  centered  around  ®’Sc  , 
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but  not  for  the  predicted  doublj  magic  nucleus  ®^Ca.  Finally  we 
have  eciinpared  our  inooscs  to  st  v  eral  mass  models  and  found  that 
many  of  these  models  tend  to  overprediet  the  binding  for  the  most 
neutron '  rich  isotopes  of  \  througli  Fe  with  the  exception  of  mass 
predictions  using  the  Garvey-Kelson  mass  relationship  and  the 
modified  shell-model  mass  equation 

C.  N.  Davids,  Phys.  Rev.  C  l^,  887  (1976). 

*  Work  supported  by  U.S.  Department  of  Energy. 


9:48 

ACS  The  Level  Structure  of  ^'‘Ge.*  P.J.  ENNIS,  C.J. 
LISTER,  Yale  University  B.J.  VARLEY,  University  of 
Manchester  P.A.  BUTLER,  T.  HOARE,  University  of 
Liverpool  W.  GELLETLY,  H.G.  PRICE,  S.E.R.C.  Daresbury 
W.  NAZAREWICZ,  Warsaw  Institute  of  Technology -Several 
recent  calculations  predict  the  presence  of  low-lying  octupole 
correlations  in  the  N=Z  nucleus  ^Ge  due  to  the  mutual  excitation  of 
P3/2  £9/2  neutrons  and  protons  Because  of  the  low  production 

cross  section  for  '’■’Ge  (-  5  mb),  no  y  y  coincidence  data  were 
previously  available  We  have  studied  the  reaction  ’-C(‘^Fe,2n/'^Ge 
at  165  MeV  using  the  Daresbury  Recoil  Separator,  operated  in 
conjunction  with  the  Polytessa  y-array.  Using  recoil  y-y  data  and 
recoil-y  angular  distribution  data,  we  have  placed  20  transitions  in  the 
^‘*C’e  energy  level  scheme.  The  level  scheme  appears  to  have  a 
candidate  ]''=3  state  at  2,97  MeV  which  follows  the  systematics  of  the 
heavier  Ge  isotopes,  but  is  not  indicative  of  strong  octupole 
collectivity  The  negative  parity  states  appear  to  be  connected  to  the 
ground  state  band  by  intense  El  transitions  which  are  forbidden  in  self¬ 
conjugate  nuclei,  and  indicate  possible  mixing  between  T=0  and  T=1 
states. 

♦Supported  by  USDOE  Contract  No.  DE-AC02-76ER-03074 


10:00 

AC  6  The  shape  of  the  N  =  Z  -f  1  nucleus  J. 

ARRISON,  T.  CHAPURAN,  U.  J.  HUTTMEIBR,  D.  P. 
BALAMUTH,  Department  of  Physics,  University  of  Pennsylvania. 
Electromagnetic  transitions  in  the  previously  unknown  neutron- 
deficient  nucleus  ’^’Br  have  been  identified  in  the  ''®Ca(’^S,p  2ii ) 
reaction  using  a  4rr  charged  particle  spectrometer'  in  coincidence 
with  a  large-volume  neutron  detector.  Fifteen  y  rays  were  placed 
in  a  decay  scheme  using  a  separate  n  — f — /  coincidence 
experiment  A  —  2  decoupled  band  is  observed  built  on  an 
isomer  with  a  half-life  of  30  5  ±4.5  ns  which  is  attributed  to  the 
g  j,2  intruder  orbital  This  suggests  an  interpretation  in  terms  of 
the  odd  proton  coupled  to  a  core  with  prolate  shape,  in  contrast 
to  the  situation  observed^  in  the  N  =  35  system  *“Se,  where  the 
existence  of  a  strongly  coupled  band  has  been  cited  as  evidence  of 
a  theoretically  predicted'’  transition  to  stable  oblate  shape  in  the 
vicinity  of  ^®Br. 

fWork  supported  by  the  National  Science  Foundation. 

*T.  Chapuran  et  af.,Nucl.  Instr.  Methods  A272,  767  (1988). 

''M.  Wiosna  et  at.,  Phys.  Lett.  200,  255  (1988);  J.  W.  Arrison  et 
at.,  Phys.  Rev.  C  40  2010  (1989). 

®R.  Bengtsson  et  at.,  Phys.  Scr.  29,  402  (1984). 


10:12 

AC  7  Charged  Particle  and  Gamma-ray  Spectroscopy  of 
S^Zr.*  C.J.  LISTER,  D.J.  BLUMENTHAL,  P.  CHOWDHURY, 
B  CROWELL.  P.J  ENNIS.  Ch.  WINTER,  Yale  University, 

H.R.  ANDREWS,  G.C.  BALL,  D.  RADFORD,  D.  WARD,  Chalk 
River  Nuclear  Laboratories,  VP.  JANZEN,  CRNL  and 
McMaster  University,  T.  DRAKE,  A.  GALINDO-URIBARRI  and 
G.  ZWARTZ,  University  of  Toronto-Thc  N=44  isolones  have 
attracted  interest,  both  because  of  a  recent  report  of  structure  dependent 
charged  particle  cmi.ssion  in  their  population',  and  because  of 


predictrons  of  superdeformed  bands^.  We  have  investigated  both 
aspects  of  the  structure  of  ®^Zr  using  the  reaction  58Nit29Si,2pn)84Zr  at 
110  MeV.  The  Chalk  River  Sn  spectrometer  was  used  in  conjunction 
with  an  array  of  16  Csl  charged  particle  detectors.  The  experiment  had 
high  statistics  (7x10^  proton-y-^  events  with  BGO  multiplicity  >  5) 
and  revealed  discrepancies  with  the  previously  published  decay 
scheme^  at  the  highest  spins.  Aspects  of  discrete  line,  continuum  and 
charged  particle  data  will  be  presented. 

*  Work  supported  by  USDOE  Contract  No.  DE-AC02-76ER03074. 

1.  D.G.  Sarantites  ct  al.,  Phys.  Rev.  Lett.  64  (1990)  2129. 

2.  I.  Ragnarsson  and  T.  Bengtsson,  Conf.  on  Nuclear  Structure  of  the 
Zirconium  Region,  Ed.  J.  Ebeth,  Publ.  Springer  1988,  p.  193. 

3.  H.G.  Price  et  al.,  Phys.  Rev.  Lett.  51  (1983)  1842. 


10:24 

AC  8  Spectroscopy  of  N=45  Isotbnes  *®Zr  and  *^Mo.* 

Ch.  WINTER,  D.  BLUMENTHAL,  P.  CHOWDHURY,  B. 
CROWELL,  P.J.  ENNIS,  C.J.  LISTER  Yale  University-The 
transition  from  single-particle  to  collective  excitation  in  the  neutron 
deficient  A~80  region  is  abrupt,  the  N=44  isotones  have  well  developed 
bands  linked  by  enhanced  E2  transitions,  while  N=46  isotones  at  low 
spin  are  dominated  by  non-collective  states.  In  order  to  investigate  the 
microscopic  structure  of  this  abrupt  change  we  have  studied  the  N=45 
zirconium  and  molybdenum  isotopes.  The  58f.ji(31p^3pn)85Zr, 
56Fc(32s,2pn)^5zj  and  58Ni^32s,2pn)8’'Mo  reactions  were  studied 
with  beams  from  the  ESTU  accelerator  and  radiation  detected  in  the 
Yale  Gamma-X  array.  Only  four  states  in  ^^Zr  have  been  previously 
reported  ’  and  none  in  ^^Mo.  We  have  found  clear-cut  isotonic  trends, 
with  evidence  for  bandstructure  developing  above  the  low-lying  three- 
quasi-particle  states.  The  properties  of  these  nuclei  and  the 
development  of  collectivity  will  be  discussed. 

1.  T.  Kuroganagi  et  al.,  Nucl.  Phys.  A484  (1988)  264. 

'Supported  by  USDOE  Contract  No.  DF,-AC02-76ER-03074 


10:36 

AC  9  High-Spin  DSAM  Lifetime  Measurement  in  86zr.* 

P.  CHOWDHURY,  D.J.  BLUMENTHAL.  B.  CROWELL.  P.J. 
ENNIS,  C.J.  LISTER,  Ch.  WINTER.  Yale  University,  H.R. 
ANDREWS,  D.  RADFORD,  D.  WARD,  Chalk  River  Nuclear 
Laboratories,  V.P.  JANZEN,  CRNL  and  McMaster  University, 

J.  JOHANSSON,  A.  OMAR,  D.  PREVOST,  J.C.  WADDINGTON, 
McMaster  University,  T.  DRAKE  and  A.  GALINDO-URIBARRI, 
University  of  Toronto.-ln  order  to  quantify  the  evolution  of  spin 
stabilized  deformation  in  the  transitional  nucleus',  we  have 
performed  DSAM  lifetime  measurements  at  high  spin  via  the 
vONif^^Si.ZpZnJ^^Zr  reaction  at  135  MeV  with  the  8it  spectrometer  at 
Chalk  River.  The  transition.s  of  interest  form  a  suongly  coupled  band 
built  on  a  \4*  state,  with  Ml  transitions  and  E2  crossovers,  which 
exhibit  a  staggering  in  both  the  Ml  transition  energies  and  M1/E2 
branching  ratios.  Previous  lifetime  measurements^  in  this  nucleus 
showed  an  absence  of  collective  strength  at  low  spins.  In  condast,  the 
transitions  at  the  top  of  the  high-spin  band  show  Doppler  shifts  in  the 
present  data,  implying  significant  collectivity.  The  detailed  line  shajw 
analyses  will  be  discussed  in  the  context  of  structure  changes  in  this 
transitional  nucleus. 

*  Work  supported  by  USDOE  Contract  No.  DE-AC02-76ER03074. 

1.  P.  Chowdhury  ct  al.,  Proc.  ACS  Symp.  on  Exotic  Nuclear 
Spectroscopy,  Miami  Beach,  1989. 

2.  E.K  Warburton  ct  al.,  Phys.  Rev.  C31,  1211  (1985). 


10:48 

AC  m  BfE21  Strengths  in  .md  Strong  Suhshell  Effects  in 
■Sr  Nuclei*  F.K.  WoHN,  Jonis  C.  HtLL,  Ames  I..ab.  and  lowa.State 
IL,  H.  Mach,  U.  Uppsala.  K.  Sistemich,  G  MolAr,  KFAJMicJl. 
R.L.  Gill,  W.  Krips,  M.  Moszynski,  BML.  D.S.  Brenner,  Clark 
^  — J-y-y  fast  timing’  was  used  to  measure  lifetimes  of  2*  levels 
in  The  B(E2,0*-*2')  values,  which  fill  the  N=52-58  gap  in 
the  known  Sr  B(E2)  values  for  40iN^62,  are  exceptionally  small 
and  provide  direct  evidence  for  a  strong  subshcll  effect  at  Z=38  for 
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N=52-58.  The  B(E2)  values  establish  a  close  similarity  between  Sr 
and  Zr  nuclei  with  N=52-58,  which  form  a  region  of  the  lowest 
B(E2)  values  (for  nuclei  with  A >56)  second  only  to  ^°^'^'®Pb. 
Unique  to  the  B(E2)  systematics  of  Sr  and  Zr  is  a  sudden,  large 
change  in  the  B(K)  strength,  by  a  factor  of  ~  15,  at  N=60  where 
the  sudden  onset  of  deformation  occurs.  Recent  laser  spectroscopic 
measurements  of  Sr  radii  can  be  interpreted  in  terms  of  quadrupole 
and  octupole  contributions  to  the  rms  radii. 

*Work  supported  by  the  U.S.  Department  of  Energy  under  Contract 
No.  W-7405-ENG-82  and  AC02-76CH0016. 

'H.  Mach,  et  al..  Nucl.  Instr.  Meth.  A280.  49  (1989). 
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9:00 

AD  I  Energy  Dependence  of  the  Surface 

Imaginary  Optical  Potential  at  Low  Energies.  R.E. 
SHAMU,  J.  BARNES,  S.M.  FERGUSON,  Western  Michigan  Uniy.. 
and  G.  HAOUAT,  j.  LACHKAR,  Centre  d' Etudes  de  Bruyferes- 

Ie-Ch3tel . - A  phenomenological  optical  model  analysis 

of  n-“''®Pb  differential  cross  sections  for  elastic 
scattering  has  been  performed  over  the  neutron  energy 
range  7.5-13.5  MeV  using  a  spherically-symmetric  central 
potential.  The  central  potential  geometry  and  spin 
orbit  potential  employed  were  those  utilized  for  an 
analysis  of  neutron  total  cross  sections.*  The 
imaginary  volume  potential  was  assumed  to  be  zero.  Our 
olQl-derived  values  of  the  real  potential  strength  V  are 
in  excellent  agreement  with  tr^-derived  values;  however, 
our  values  of  the  surface  imaginary  potential  strength 
Md  are  significantly  larger  than  Ct-derived  values  at 
the  low  end  of  the  energy  range.  We  attribute  this 
large  difference  in  W^  to  strong  coupling  between  the 
“o^Pb  ground  state  and  low-lying  collective  states; 
i.e.,  coupled-channel  calculations  are  required  here. 
For  linear  V(E)  the  (r„-derived  H^IE)  sharply  increases 
in  slope  near  8  MeV.  This  feature  may  be  caused  by  the 
opening  of  the  ^^’’Pb  (n,Sn)  channel  (IQI  =  7.4  MeV). 

*J.  Barnes  and  R.E.  Shamu,  J.  Phys.  G.  IS,  L179  (1989). 


9:12 
AD  2 

A  Dispersion-Relation  Optical  Model  for  n  +  ^Si.  M.  A.  ALOHALI, 

J.  P.  DELAROCHE,  C.  R.  HOWELL,  W.  TORNOW  and  R.  L. 
WALTER,  Duke  University  and  Triangle  Universities  Nuclear 
Laboratory  (TUNL)*.-Howell  et  a/.*  showed  that  Ay(0)  and  0(6)  data 
for  (n,n)  and  (p,p)  scattering  from  ^Si  can  be  fairly  well  describe 
with  a  single  spherical  optical  model  (SOM)  potential.  The  data  base 
for  neutron  scattering  included  Ay(0)  data  itora  TUNL  at  10  to  17  MeV 
and  0(0)  data  from  TUNL  and  elsewhere  from  8  to  40  MeV.  In 
particular,  above  about  1 1  MeV  the  nuxlel  gave  a  good  description  of 
o(0)  and  neutron  totaJ  cross  sectio.T  ot  and  a  reasonable  description  of 
Av(0).  However,  the  0(0)  agreement  for  (n,n)  deteriorated  in  the  8-  to 
1  l-McV  region  and  the  <jt  prediction  was  poor  when  the  model  was 
extrapolated  beyond  4  MeV.  (Coupled-channels  calculations  offered 
only  a  slight  improvement.)  In  order  to  attempt  to  understand  the 
disaepancics  and  to  establish  a  more  complete  picture  of  the  SOM, 
both  for  the  scattering  region  (positive  energy  region)  and  the  bound- 
state  region  (negative  energies),  we  applied  the  dispersion  relation 
(DR)  formalism^  to  the  n  +  28Si  problem.  Our  goi  was  to  explain  all 
the  features  in  the  Ay(0),  g(0)  and  GT  at  energies  between  2  MeV  i  E 
5  80  MeV.  Results  of  the  DR  model  will  be  presented. 


*Woric  supported  by  the  U.S.  DOE,  Office  of  High  Energy  and 
Nuclear  Physics,  under  Contract  No.  DE-ACX)5-76ER01067. 

1 C.  R.  HoweU  et  al.,  Phys.  Rev.  CSS,  1552  (1988). 

2  See  example  in  C.  H.  Johnson,  D.  J.  Horen  and  C.  Mahaux,  Phys. 
Rev.  C2fi.  2252  (1987). 


9:24 

AD  3  The  (n.p)  Reaction  on  Sulfur  for  Incident  Neutron 
Energies  of  50  MeV  -  250  MeV.*  B.K.  Park*,  X.  Aslanoglou*, 
F.P.  Brady’,G.  Fink‘,R.W.  Finlay*,  C.R.  Howell‘,A.  Ling’, 
P.W.  Lisowski’,  J.  Rapaport*,J.L.  Romero’, D.  Sorenaon’, 
W.  Tornow^,  J.L.  Ullmann*.  The  white  neutron  source  at  Los 
Alamos  National  Laboratory  wm  used  to  study  the  (n,p)  re¬ 
action  on  Data  for  neutron  energy  range  of  50  MeV  to 

250  MeV  will  be  presented  for  Gamow-Teller  transitions  and 
compared  with  data  from  the  (p,n)  reaction*. 

*Ohio  University,  Athens,  OH  45701,  ’Los  Alamos  National 
Laboratory,  Los  Alamos,  NM  87544,  ’University  of  California, 
Davis,  CA  95616,  ^Duke  University,  Durham,  NC  27707 
'Supported  by  the  NSF  Md  DOB 
1.  B.D.  Anderson,  et  al.,  Phys.  Rev.  C36.  2195  fl987). 


9:36 

AD  4  Level  Density  and  Level  Widths  of  ”Si,*  V.  HISHRA, 
S.M.  GRIMES,  N.  BOUKHAROUBA,  K.  DOCTOR,  R.S.  PODRONI, 
Ohio  University,  R.C.  HAIGHT,  J.A.  BOUNDS,  Los  Alamos 
National  Laboratory  —  Neutron  total  cross  sections  of 
'“’Si  have  been  measured  from  4.5  to  ISO  MeV  with  an 
uncertainty  of  less  than  3%  using  a  TOF  facility  at 
WNR.  The  time  resolution  is  better  than  a  nanosecond. 
Level  density  and  level  widths  of  the  compound  nucleus 
”Si  will  be  discussed  as  a  function  of  excitation 
energy  and  angular  momentum  over  the  region  in  which  an 
Ericson  analysis  could  be  made.  The  techniques  used 
to  obtain  these  parameters  and  the  parameters  themselves 
will  be  compared  with  those  from  previous  measurements, 
made  elsewhere.  The  systematics  will  also  be  compared 
with  theoretical  predictions. 


*  Work  supported  by  the  U.S.  Department  of  Energy. 


9:48 

ADS  Excitation  of  (ds/a.  P3/2^  )4~  Stretched-State 
Strength  In  the  Reaction  at  135  MeV.* 

L.A.C.  GARCIA,  B.D.  ANDERSON.  A.R.  BALDWIN,  R.  MADEY. 
D.M.  .MANLEY,  R.  POURANG,  E.  STEINFELDS,  J.W.  WATSON, 
Kent  State  U. .  C.C.  FOSTER,  A.  BACHER,  Indiana  U..  R. 
LINDGREN,  B.  CLAUSEN,  U.  of  Virginia  —  Neutron  tlme- 
of-fllght  spectra  for  this  reaction  were  obtained  with 
the  beam-swinger  system  at  the  lUCP.  Energy  resolutions 
were  about  300  keV.  Neutron  TOP  spectra,  obtained  at 
12  angles  between  0°  and  63',  were  converted  to 
excitation-energy  spectra.  The  4'  strength  Is  split 
Into  three  Isospin  components:  75K  of  the  extreme 
slngle-partlcle-hole  model  (ESPHM)  T*0,  4'  strength  Is 
observed  In  a  single  state  at  8.5  MeV:  42*  of  the  ESPHM 
T-1.  4“  strength  Is  observed  In  two  states  at  13.7  MeV 
and  19.4  MeV;  42*  of  the  ESPHM  T“2,  4‘  strength  Is 
observed  In  a  single  state  at  26.4  MeV.  The  observed 
4"-state  excitation  energies  and  strengths  arc  In  good 
agreement  with  the  analog  T-1  and  2.  4'-states  observed 
In  the  (e,e')  reaction. ^  The  observed  4"  strength 
compares  well  with  a  PSD  shell-model  calculation. 

*  Supported  In  part  by  the  National  Science  Foundation. 

*  K.A.  Plum,  U.  Hass  Ph.D.  Dissertation  (1985). 

Supplementary  paper 

AD  5  nicroscoole  Optical  Model  Analysis  of  Neutroj 
Scattering  Cross  Sections  nt  65  MeV  over  a  Wide  Ranee  of 
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A  Values.  L.F. Hansen.  Lawrence  Livermore  National  Labo 
ratory*,  E.L.Hjort,  F.P. Brady,  J.Drumond,  B.McEachern, 
C.H. Osborne,  and  J.L. Romero,  Crocker  Nuclear  Laboratory 
6i  Physics  Department,  University  of  California,  Davis** 
The  neutron  differential  cross  sections  for  C,  Si,  Ca, 
Fe,  Sn,  and  Pb  measured  at  65  HeV  between  6°  and  47°, 
using  a  wire  chamber  based  neutron  detector^,  are 
compared  with  calculations  done  with  the  microscopic  OH 
potentials  of  JLH  (with  M3Y  spin-orbit  interaction)  and 
Yamaguchi  e£  al.  The  fits  to  the  measurements  were 
obtained  with  only  three  parameters:  the  normalization 
constants  for  the  i.eal  (Xy)  and  Imaginary  (Ay)  parts 
of  the  central  potential,  and  for  the  real  SO  potential 
(Ajq).  The  latter  has  a  constant  value  of  1.3  for 
all  the  targets.  The  quality  of  the  agreement  with  the 
measurements  is  very  close  for  both  calculations  and 
also  with  fits  obtained  earlier^  with  phenomenological 
potentials  for  a  much  larger  number  of  parameters.  The 
A  dependence  of  Ay  and  Ay  will  be  discussed. 

*Hork  performed  under  the  auspices  of  USDOE,  Contract 
U-7a05-ENG-48.  **Supported  by  NSF  grant  PHY  84-19380. 
Jf.P.  Brady  et  ai. ,  Nucl.  Instr.  &  Meth.  228,  89  (1984; 
^E.L.  Hjort,  BAPS.  34.  1831  (1989). 


SESSION  AE:  THEORY  I:  STRUCTURE 
Thursday  morning,  25  October  1990 
Room  158,  Loomis  Laboratory  at  9:00 
V.  R.  Pandharipandc,  presiding 


9:00 

AEl 

The  EfTocts  of  Central,  Spin-Orbit  and  Tensor  Interactions  in 
Nuclei,  D.  C.  Zheng  and  1.  Zatntek,  Rutgers  Univ.  -  To  study  the  differ¬ 
ent  compunents  of  the  nucieon-nucicon  interaction,  we  devise  a  schematic 
interaction  Vj-r-tVio  +  plc  which  for  i=l,  y=l  fits  some  standard  bare  inter¬ 
actions  like  Kuo-Brown  or  Bonn  A  approximately.  Then  we  study  the  effects 
of  varying  x  and  y  from  0  to  2.  We  calculate  the  single-particle  energies  <y 
with  the  same  interaction  as  we  use  for  rest  of  the  nuclear  structure.  AVe  find 
that  the  single  particle  energies  relative  to  a  doubly  closed  core  like  "O  are 
independent  of  the  strength  of  the  tensor  force.  When  applied  to  negative 
parity  Ip- 14  states  in  '*0,  we  find  that  in  a  TDA  calculation,  the  weighted 
average  of  the  eigen  energies  J^y(27  +  1)  E,(J,T)  is  zero  for  a  pure  ten¬ 

sor  interaction  or  a  pure  two- body  spin-orbit  interaction.  The  effect  of  the 
tensor  interaction  for  isoscalar  (T— 0)  states  is  to  lower  the  energy  of  even 
spin  states  0",  2~,  d”  and  to  raise  the  energy  of  odd  spin  states  I",  3“  in 
an  aierage  sense.  For  isovector  (T— 1)  slates,  the  effect  is  much  smaller.  For 
the  1+  states  in  '^C,  a  Ip-lh  diagonaliiation  leads  to  very  low  eigen  states 
with  E'{T  =  0)  ~  1.6.1/el'  and  E‘(,T  =  1)  ~  d.lA/el'  as  compared  with  ex¬ 
periment  (12.7 A/eY  for  T=0  and  \5.lMeV  for  r=l).  Only  a  full  scalar  shell 
model  calculation  brings  these  states  up  a  respectable  energy.  When  the  core 
is  '^C,  the  effect  of  the  tensor  interaction  is  to  lower  the  pi/y  single-particle 
energy  relative  to  ps/j.  This  is  precisely  opposite  to  what  the  two-body 
spin  -orbit  interaction  docs  We  reconsider  the  old  problem  of  the  effect  of 
the  spin  orbit  and  tcn.vor  interactions  on  the  near  vanishing  Camow  Teller 
matrix  element  '^C(7  =  O.T  =  1)  — •  '■'N(7  =  1,T  =  0).  If  we  increase  the 
spin-orbit  interaction,  then  we  also  have  to  increase  the  tensor  interaction  in 
order  to  maintain  a  vanishing  GT  matrix  element. 


9:12 

AE  2  Study  of  Nuclear  Ground  State  Propenics.in  (he 

Framework  of  .a  Relativistic  Point  Coupling  Model.  T.  HOCH,  B.  A. 
NIKOLAUS,  and  D.  G.  MADLAND,  Lo.s  Alamos  Nat.  Lab.— An 
extended  version  of  a  relativistic  point  coupling  model  proposed  by 
Manakos  and  Mannel^  is  used  in  Hartree-Fock  approximation  to 
calcuiate  nuclear  ground  state  properties.  The  explicitly  non- 
renormalizable  model  Lagrangian  includes  scalar  and  vector  (both 
isoscalar  and  isovector)  four-fermion  interactions  as  well  as  higher 
powers  in  the  fermion  field  and  derivative  couplings.  Tire  latter 
simulate  the  fmite  ranges  of  tire  a  and  O)  mesons  in  mean  field  models. 
A  self-consistent  procedure  was  developed  to  solve  the  model  in  H-F 
approximation  for  several  nuclei  simultaneously  by  use  of  a 
generalized  non-Iineot  least-squares  adjustment  algorithm.*  With  this 
procedure  we  determine  the  nine  voupling  constants  of  our  model  so 
as  to  reproduce  measured  ground  slate  bindmg  energies,  rms  charge 
radii,  and  spin-orbit  splittings  of  selected  closed  shell  and  closed 


subshell  nuclei  in  non-deformed  regions.  The  coupling  constants 
obtained  in  this  way  reproduce  ground  state  binding  energies  and  rms 
charge  radii  of  a  much  larger  set  of  closed  (sub)  shell  nuclei  to  good 
accuracy  and  predict  these  quantities  for  similar  nuclei  far  off  the  line 
of  beta  stability. 

»P.  Manakos  and  T.  Mannel,  Z.  Phys.  A  222. 223  (1988). 

2b.A.  Nikolaus  and  D.  G.  Madland  (to  be  published). 


9:24 

AE  3  A  Green's  Function  Approach  to  Super  fluidity  in  Nuclear 
Matter.  Brian  E.  Vondcrfecht  and  Willem  U.  Dickhoff,  Washington 
i’niveTSity,  St.  Louis,  MO  63130  -  -  A  self-consistent  solution  of  the 
nuclear  matter  problem  is  studied  using  Green's  functions.  Special  at¬ 
tention  IS  paid  to  the  dynamics  of  the  system’s  single  particle  properties 
since  recent  experiments  have  established  the  significance  of  non-mean  field 
correlations.  The  theory  allows  a  unified  description  of  short-range  correla¬ 
tions  and  superfluidity  appropriate  for  realistic  interactions  including  tensor 
forces  The  effective  interaction  is  obtained  using  an  extension  of  Brueck- 
net  ladder  diagrams  that  is  symmetric  with  respect  to  particles  and  holes 
and  includes  possible  pairing  solutions  The  binding  energy  is  calculated 
and  consequences  for  saturation  properties  arc  considered.  Spectral  func¬ 
tions  and  a  momentum  distribution  are  presented  which  display  depletion 
of  around  twenty  percent.  This  is  compatible  with  recent  experiments,  but 
in  contrast  to  the  traditional  shell  model. 


9:36 

AE4  Multipartiele-Multihole  Configuration  Mixing  Calculations 
in  (he  IBM-2.  A.  F.  BARFIELD  and  B.  R.  BARRETT.  IL 
Arizona.*— Low-lying  multiparticle-multihole  (np-mh)  configurations 
arc  well-known  features  in  nuclear  structure.  Work  by  Zheng  et 
al..'  has  called  attention  once  again  to  this  phenomenon  in  light- 
medium  mass  nuclei,  and  lachello^  has  recently  emphasized  its 
possible  importance  in  heavy-mass  nuclei,  particularly  regarding 
superdeformed  bands.  In  the  interest  of  formulating  a  unified 
picture  of  this  effect,  we  have  expanded  the  configuration  mixing 
approach  of  Duval  and  Barrett*  within  the  n-p  Interacting  Boson 
M^el  (lBM-2)  from  two  to  several  configurations.  Applications  to 
the  Hg  isotopes  will  be  given  for  the  mixing  of  (op-2h).  (2p-4h). 
(4p-6h).  and  (6p-8h)  proton  configurations. 

♦Supported  in  part  by  NSF  grant  PHY87-23182 

'D.  C.  Zheng.  D.  Berdichevsky,  and  L.  Zamick.  Phys.  Rev.  C38. 

437  (1988) 

*F.  lachello.  in  "Proc.  Symp.  Nucl.  Phys.  I990's,"  May  1-5,  1990, 
Santa  Fe.  NM 

’P.  D.  Duval  and  B.  R.  Barrett.  Nucl.  Phys.  A376.  213  (1982). 


9:48 

AES  Weak  Interaction  Rates  in  *^0.  W.  C.  HAX- 
TON,  University  of  Washington  and  C.  W.  JOHNSON, 

Caltech.  - We  describe  a  full  nonspurious 

shell  model  calculation  that  successfully  repro¬ 
duces  the  low-lying  spectrum  of  *®0,  including  the 
superdeformed  O’^  (6.05  MeV)  state,  and  discuss  its 
connection  with  the  coexistence  model.  This  treat¬ 
ment  provides  a  realistic  microscopic  framework 
for  d,-scussing  various  electroweak  processes.  £2 
transitions  in  '®0,  the  role  of  exchange  currents 
and  the  pseudoscalar  coupling  constant  in  the  O'"  •-* 
0“  ^-decay  and  /i-capture  transition,  and  the  evalu¬ 
ation  of  the  Gamow-Teller  inclusive  response  func¬ 
tion. 

10,00 

AE6  Alpha-doutaron  Structure  of  <E1  as 
Predicted  by  Three-bodv  Hodels.*  J . P.Woloschek, 
O.H. Lehman,  The  George  Washington  University . 

-  NN  Interactions  In  three-body  (aNN)  models  of 
‘Lt  are  used  to  examine  the  role  of  the  np 
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Interaction  In  the  alpha-deuteron  structure  of 
‘Li.  The  *L1  bound  state  wave  functions  are 
Obtained  by  solving  the  Sohrodinger  equation 
with  an  aN  interaction  containing  S1/2.  Pl/2 
and  Ps/2  components,  and  with  a  ’Si-^Di  np 
interaction.  Nine  np  interactions  are  used: 
four  are  phenomenological  rank-1,  rank-2  or 
rank-4  separable  interactions  which  reproduce 
scattering  phase  shifts  and  deuteron  proper¬ 
ties,  and  the  remaining  five  interactions  are 
rank-1 , rank-4  or  rank-6  representations  of  the 
full  Paris  potential.  The  wave  functions 
are  used  to  calculate  the  s-  and  d-wave  *L1  •  a. 
+  d  momentum  distributions,  the  percentage  of 
s-  and  d-wave  ad  components,  the  effective  s- 
and  d-wave  configuration-space  wave  functions, 
the  S-  and  D-wave  ‘Li  -»  a  +  d  asymptotic  norm¬ 
alization  constants  and  the  ad  projected 
contribution  to  the  full  quadrupole  moment. 

•  Work  supported  in  part  by  D.S.  DOE. 


10.12 

AE7  Budeeay  Between  Mirror  Huolei  in  the  1fr'2p 
Shell .  M.  SULTAN  PARVEZ,  F.  B.  MALIK,  Southern  Illinois 
University  at  Carbondale.-rA  detailed  experimental 
study'''  of  the  beta  decay  of  the  ground  state  of  **311  to 
the  lowriying  levels  of  has  revealed  some 

interesting  descrepancies  between  the  data  and  the 
calculations  baaed  on  shell  model  incorporating  IfrZp 
configuration.  The  lownlying  level  scheme  of  *'3sc  and 
many  other  odd  nuclei  in  the  lfi2p  shell  can,  on  the 
other  hand,  be  reasonably  reproduced  by  the  Coriolis 
coupling  model2\  it  is,  therefore,  of  interest  to 
examine  the  findecay  rate  between  some  mirror  nuclei 
within  the  framework  of  this  model.  In  the  Coriolis 
coupling  model,  **311  might  have  different  collective 
parameters  and  in  that  case  the  B'-decay  of  Ti  to  Sc  is 
no  longer  superallowed,  but  normal  allowed  in  nature. 
The  calculate  log  ft  values  are  in  broad  agreement  with 
the  observed  ones.  Calculation  for  other  nuclei  are  in 
progress. 


1.  J.  Honkanen  et.  al.,  Nucl.  Phys.  A  *171 ,  189  (1982). 

2.  W.  .Scholz  and  F.  B.  Malik,  Phys.  Rev.  150,  919 

(1966). 


10:24 

AES 

Highly  Deformed  States  in  N=Z  Nuclei:  Beyond  the  8j>-8A  State 
in  ^°Ca,  L.  Zamick  and  D.  C.  Zheng,  Rutgers  Univ.  -  Using  the  deformed 
nattree-Fock  approach  with  a  Skyrme  interaction  SK3,  we  search  for  highly 
deformed  states  in  N=Z  nuclei.  VVe  characterize  these  states  by  the  integer 
n,  which  is  the  number  of  nucleons  which  we  transfer  from  below  the  spherical 
fermi  sea  to  one  or  more  major  shells  above  the  spherical  fermi  sea.  We  give 
the  intrinsic  energy’  (in  AfeV),  the  projected  J=0''’  state  energy  and  the 
deformation  parameter  A)=v/5/»Qo/(A(r’))  for  these  states: 


Nucleus 

n 

^int 

Eo* 

00 

8 

11.4 

7.1 

0.60 

12 

24.4 

18.7 

0.97 

«Ti 

8 

17.0 

12  0 

0.81 

12 

23.6 

19  9 

0.99 

«Cr 

8 

23.9 

19.0 

0.85 

«Fe 

8 

28.6 

24.3 

0.71 

12 

32.1 

26.4 

0  91 

16 

42.7 

35.7 

1.14 

«Ni 

16 

38.1 

31.6 

1.05 

20 

51.6 

41.7 

1.22 

For  the  n— 12  state  in  ^"Ca,  eight  nucleons  are  transferred  inW  the  A— 3 
f-p  major  shell  and  four  into  the  17=4  g-d-s  major  shell.  The  possibility 
of  identifying  the  quasimoiecular  resonance  in  ^*Cr  (’^Mg  -P  as  the 
J  =  36  member  of  the  n=8  intrinsic  state  is  considered.  For  ^Zr  the  n=12 
state  (12  nucleons  transferred  from  /  p  to  y  d  sy  is  the  yround  state. 


10:36 

AE9  Rvfarid  Repreaentation  of  the  Two-Bodv  T-Hatrix  by 
a  Separable  apd  a  Perturbative  Part.  G.  H.  RAWITSCHER, 
Univ.  of  Coruiecticut.  aryd  L.  CANTW,  l.N.F.N. .  Padova. 
Ttalv.  —  In  finding  separable  representations  of  the  n-n 
T-Matrix,  we  have  shown’  that  the  error  AT  is  of  the 
order  of  the  error  AV  in  the  potential  expansion,  even 
though  T  can  be  a  few  orders  of  magnitude  smaller  than 
the  potential  V.  Thus,  rather  than  adding  more  and  more 
terms  in  order  to  achieve  high  accuracy,  we  present  an 
alternate  procedure  in  which  only  the  fi]?st  few  separable 
terms  are  kept,  and  the  rest  is  included  by  a 
perturbative  expansion  which  is  ncm-separable  but  small. 
This  approach  is  equivalent  to  finding  a  separable 
representation  of  T  -  V  -  V  Go  V  ,  which  in  turn  can  be 
understood  by  means  of  variational  principles.  When  using 
positive  energy  Stumdans,  the  errors  are  well  understood 
and  are  shown  to  be  amaller  than  for  the  conventional 
separabJLe  representations.  Nuoterical  applications  to  the 
singlet  S  Reid  soft  core,  6ind  the  Malfliet-Tjon 
potentials  will  be  presented. 

j  Supported  in  part  by  NSF  Grant  PHy-8901627. 

^  L.  Canton  and  G.  H.  Rawitscher,  submitted  for 
publication. 


10:48 

AE  10  Corrtlation  Energies  anil  the  Curvature  Energy  N.Ju', 
A.Bulgac',  G.Bertscli'  and  P.Scliuck’  MSU-NSCL*  and  Grenoble’ 
There  is  a  disturbing  contradiction  between  the  parameters  of  the 
liquid  drop  formula  for  the  binding  energies  (which  lead  to  a  van¬ 
ishing  term)  and  mean  field  theoretical  predictictions  for  the 
curvature  energy  (on  average  10  MeV).  There  is  one  effect, 
which  has  not  been  not  been  considered  so  far  in  this  respect  and 
which  might  be  responsible  for  the  discrepancy,  the  quantum  correc¬ 
tions  arising  from  the  zero  point  oscillations  of  the  nuclear  surface. 
It  seems  very  natural  to  link  curvature  corections  to  the  binding 
energy  with  the  surface  oscillations,  which  when  excited  modify 
the  local  curvature.  A  rough  estimate  of  the  zero  point  surface  os¬ 
cillations  contributions  to  the  binding  energy  gives  something  like 
10-40  A'/’  MeV.  One  has  to  include  particle-hole  excitations  with 
relatively  high  angular  momenta  and  high  excitation  energies.  We 
present  calculations  of  the  ring  ph-diagrams  for  spherical  nuclei,  in 
order  to  extract  the  A-dcpendence.  The  extracted  curvature  energy 
(depending  on  the  NN-force)  has  the  right  order  of  magnitude  (and 
sign). 


Supplementary  paper 


AE  11 

Snin  Denrndcnt  EITccts  In  the  Quark  Cluster  Model'.  C.J.  Benesh  and 
J.P.  Vary,  physics  Department-. Jowa  State  University.  -  Using  the 
quark  cluster  model,  we  calculate  the  spin  dependent  structure 
functions  of  the  deuteron  and  ^He.  In  particular,  we  find  that 
measurement  of  the  first  moment  of  these  distributions  provides  a 
constraint  on  the  size  of  the  six  quark  cluster  component  of  the 
nuclear  wavefunctlon.  We  compare  these  constraints  with  the 
measured  value  ofgy^  for  mass  3  nuclei,  and  give  predictions  for  the 

spin  dependent  structure  of  ^Hc.  which  will  be  measured  in 
forthcoming  experiments. 

•Supported  by  the  USDOE  under  Grant  No.  DE-FG02-87ER40371 . 
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PLENARY  INVITED  SESSION  PA;  -NUCLEAR  PHYSICS  IN  SOOETY 

Thursday  afternoon,  25  October  1990;  Foellinger  Auditorium,  University  of  Illinois  at  13:30;  R.  A.  Eisenstein,  presiding 

Sole  Special  Times.  Each  speaker  will  have  45  minutes  with  10  minutes  for  discussion.  There  will  be  a  IS-minute  coffee  break  at  16.15. 


13:30 

PA  1  Nuclear  Physicists  and  Nuclear  Weapons.  S.  DRELL,  SLAC. 


14:25 

PA  2  Recent  Advances  In  the  Use  of  Particle  Accelerators  for  Radiation  Therapy.  P.  DELUCA,  JR.,  University  of  Wisconsin. 


15:70 

PA  3  The  Importance  of  Nuclear  Power.  H.BBTHB,  Cornell  University. 


16:15-16:30  COFFEE  BREAK 


Department  Colloquium 


16:30 

PA  4  Solar  Neutrinos.  JOHN  N.  BAHCALL,  Institute  for  Advanced  Study,  Princeton. 


The  most  recent  results  of  solar  neutrino  experiments  will  be  discussed  and  compared  with  improved 
predictions  of  standard  models:  electroweak  and  solar.  New  experimental  approaches  to  solving  the  solar 
neutrino  problem  will  also  be  reviewed. 


ATLAS  USERS'  GROUP 
Thursday  evening,  25  October  1990 
Room  209,  Illini  Union  at  18:00 


lUCF  USERS’ GROUP 
Thursday  evening,  25  October  1990 
General  Lounge,  IHini  Union  at  18KX) 


CEBAF  USERS’  GROUP 
Thursday  evening,  25  October  1990 
Room  314A,  Illini  Union  at  18:00 


RADIOACnVE  ION  BEAM  FACILITY  USERS’  GROUP 
FORMATION  MEETING 
Thursday  evening,  25  October  1990 
Room  314B,  Illini  Union  at  18:00 


INVITED  SESSION  BA:  NUCLEAR  ASTROPHYSICS 

Friday  morning,  26  October  1990;  Room  141,  Loomis  Laboratory  at  9:00;  G.  Baym,  presiding 


9:00 

BA  1  Nucleosynthesis  in  the  Early  Universe.  M.  TURNER,  FNAL. 


9:36 

BA  2  Neutron  Stars  and  the  Equation  of  State.  JAMES  M.  LA.TTIMER,  State  University  of  New  York. 


The  role  of  the  equation  of  state  of  dense  matter  in  the  astrophysics  of  neutron  stars  is  reviewed.  SpecHc 
aspects  of  the  equation  of  state  influence  theoretical  models  of  supemovae,  neutron  star  birth,  ptilsars  and 
pulsar  glitches,  and  neutron  star  decompression.  In  return,  observations  of  these  phenomenon  can 
constrain  the  form  of  the  equation  of  state.  For  example,  the.  maximum  mass  and  the  maximum  rotation 
rate  of  neutron  stars  serve  as  global  constraints,  while  the  total  energy  and  the  diffusion  timescale  of 
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aeutnnos  emitted  during  the  aftermath  of  a  supernova  explosion  probe  the  interior  density  structure  of  a 
neutron  star.  The  process  of  neutron  star  compression  in  decaying  neutron  star  binaries  is  sensitive  to  the 
minimum  neutron  star  mass.  Major  uncertainties  exist  in  some  equation  of  state  parameters, 
particularly  the  compression  modulus  of  nuclear  matter,  the  degree  of  softness  of  the  subnuclear  equation 
of  state,  the  density  dependence  of  the  symmetry  energy,  and  the  existence  or  absence  of  phase  transitions 
at  supemuclear  densities,  to  name  but  a  few.  It  may  not  be  possible,  in  the  near  future,  to  resolve  these 
issues  in  terrestrial  nuclear  experiments.  The  extent  to  which  these  uncertainties  can  be  eliminated 
through  a  combination  of  theoretical  modelling  and  future  astrophysical  observations  is  discussed. 


10:12 

BAS  Neutron  Stars.  'FREUSKICKK.  LAMB,  University  of  Illinois. 


Neutron  stars  provide  many  examples  of  exotic  nuclear  phenomena,  including  neutron  superfluidity,  proton  supi 
neutrino  emission  by  superfluids.  The  evidence  concerning  neutron  star  masses,  radii,  inertial  moments,  magne 
rates  is  summarized.  The  implications  for  neutron  star  equations  of  state  and  internal  structure  are  described 
recognition  that  the  thermal  and  magnetic  evolution  of  neutron  stars  is  closely  intertwined  with  their  rotational  evo! 
millisecond  pulsars  has  provided  new  evidence  concerning  the  formation  and  evolution  of  rapidly  rotating  neutron  s 
and  timing  observations  have  significantly  constrained  the  thermal  and  dynamical  properties  of  neutron  s 
observations  have  determined  the  angles  between  the  magnetic  dipole  and  spin  axes  of  some  150  pulsars.  The  n 
previous  models  of  rotational  and  magnetic  field  evolution  in  neutron  stars  are  incorrect.  The  results  of  recent  theor 
nuclear  composition  of  the  crust,  the  interaction  of  neutron  vortices  with  proton  flux  tubes  in  the  core  and  with  nuc 
dynamical  properties  of  rapidly  rotating  neutron  stars,  and  the  evolution  of  neutron  star  magnetic  fields  are  descrilx 


10:48 

BA  4  The  CYGNUS  Experiment  at  Los  Alamos:  An  Air  Shower  Facility  for  the  Study  of  PeV  Cosmic  Rays. 
D.  E.  NAGLE,  Los  Alamos  National  Laboratory. 


The  CYGNUS  installation  consists  of  an  array  of  205  scintillation  detectors,  plus  a  collection  of  muon 
detectors.  It  is  sensitive  to  energies  above  50  TeV.  Recent  activities  of  members  of  the  collaboration 
include  searches  for  point  sources,  a  study  of  the  shadows  of  the  moon  and  the  sim,  and  a  search  for 
diffuse  emission  from  the  Galactic  plane. 


SESSION  BB:  INSTRUMENTATION  1 
Friday  morning,  26  October  1990 
Room  151,  Loomis  Laboratory  at  9:00 
R.  Laszewski,  presiding 


9:00 

BB  i  Measurement  of  Ground-State  B'  Branching  Intensities 
Using  a  Total  Absorption  Gamma  Spectrometer.*  R.  C. 
GREENWOOD,  D.  A.  STRUTTHANN  and  K.  D.  WATTS,  Idaho  National 
Engineering  Laboratory  --  A  method  has  been  developed  to 
measure  ground-state  P'  branching  intensities  using  a  total 
absorption  y  spectrometer  at  the  KIEL  ISOL  facility.  This 
spectrometer,  which  is  used  to  measure  beta-strength 
function  distributions  of  short-lived  fission-product 
nuclides,  consists  of  a  large  well-type  Nal(TI) 
scintillation  detector  together  with  a  Si  P‘  detector 
located  in  the  tape  transport  line  within  the  well.  With 
this  spectrometer,  a  direct  measurement  of  an  absolute 
ground-state  P'  branching  intensity  can  be  obtained  from  a 
simple  ratio  of  the  p-y  coincidence  to  P  singles  count 
rate.  Results  obtained  in  initial  testing  of  the  method, 
for  several  fission -product  isotopes  of  Cs,  Ba,  La  and  Ce. 
are  compared  to  existing  data  obtained  using  conventional 
nuclear  spectroscopic  methods. 

*  Supported  by  U.  S.  DOE  under  contract  No.  OE  AC07 
76ID01570  with  EG&G  Idaho,  Inc., 


9:12 

BI)2  Iso-Octane  and  C.F. ,  Heavy  Gases  for  Charged 
Particle  Detectors  E.  NORBECK*.  R.  DAYRAS.  Cl 
MAZUR,  E.C.  POLLACCO,  Sad  ay;  D.  SWAN,  NSCL  Michigan 
State  U..  J.X.  ZHANG,  U.  of  Iowa— With  large. area  gas 
detectors  operating  in  a  vacuum,  one  would  like  to  reduce 
the  counting  gas  pressure  without  reducing  the  quantity 
of  gas.  This  can  be  done  by  putting  more  atoms  into  each 
molecule  of  gas.  In  low  pressure  ion  chambers,  sub¬ 
stituting  C,F,  for  CF^  allows  mere  than  a  factor  of  two 
reduction  in  pressure.  The  C,F,  gas  must  be  completely 
free  of  unsaturated  fluorocarbons  which  have  a  large 
cross  section  for  capturing  electrons.  In  low  pressure 
avalanche  detectors,  the  heavier  iso-octane  gives  the 
same  performance  at  2.5  to  3.0  Torr  as  Isobutane  at  5 
Torr.  Iso-octane  is  a  liquid  with  a  vapor  pressure  of 
40.6  Torr  at  21®C,  about  the  same  as  the  lighter  n- 
heptane  used  in  some  laboratories.  The  vapor  must  be 
free  of  air  and  water  to  keep  the  counter  from  sparking 
at  a  low  voltage.  The  surface  of  the  evaporating  liquid 
must  be  colder  than  the  line  to  the  gas  handler. 

Otherwise  the  liquid  will  transfer  to  the  coldest  point. 
•Supported  in  part  by  the  Research  Corp.  Present  address 
U  of  Iowa. 


9:24 

BB3  A  85  PS  (FWHM),  HIGH-EFFICIENCY  FAST  TIM¬ 
ING  DETECTOR  FOR  THE  TOFI  SPECTROMETER.  ; 
H.L.  Seifert,  U.Giessen  fc  T.os  AInmos  Nat.Lnb..  D.J.  Vieira, 
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J.M.  Wouters,  G.W.  Butler,  Los  Alnmos  Nnt.Lnb.  X.G.  Zhou, 
X.L.  Xti,  Utah  St.U.  The  mass  resolving  power  of  the  Time- 
of  Flight  Isochronous  (XOFI)  spectrometer  is  priniaril>  lim¬ 
ited  by  the  timing  precision  obtained  from  two  fast-timing 
microchannel  plate  (MCP)  detectors  and  their  associated  elec¬ 
tronics.  The  timing  information  is  derived  from  secondary  elec¬ 
trons  produced  when  recoil  ions  pass  through  a  thin  AljOs  foil. 
One  of  the  major  limitations  of  the  detector-electronic  sys¬ 
tem  is  the  amplitude-to-time  walk  in  the  constant-fraction- 
discriminators  (CFD)  caused  by  the  Poisson  distribution  of  the 
secondary  electrons.  To  increase  the  secondary  electron  yield 
we  have  coated  our  thin  AljOs  foils  with  Csl.  The  pulse  height 
resolution  (FWHM/centroid)  improves  from  1.2-1.5  for  an  un¬ 
coated  AliOs  foil  to  0.6  for  a  similar  foil  coated  with  25  ;ig/cm^ 
Csl  in  tests  with  *^*Am  «-particlcs.  We  also  find  that  the 
detection  elficiency  increazes  from  ~  T5  to  98%.  We  have  in¬ 
vestigated  the  pulse  height  distributions  for  Csl  coatings  with 
different  thicknesses  and  the  timing  resolution  of  the  system 
using  a  new  CFD.  The  performance  of  the  MCP  detectors  in 
tests  with  a  particles  and  in  a  recent  experiment  at  LAMPF 
will  be  presented. 

*  Work  supported  by  U.  S.  Department  of  Energj-. 


9:36 

BB4  Improvement  in  the  Energy  Resolution  of  a  Gc 
Detector  by  Software  Techniques*.  M.  P.  CARPENTER,  T. 
L.  Khoo,  F.  L.  H.  Wolfs,  R.  V.  F.  Jansse.ns,  Argonne 
National  Laboratory,  I.  G.  Bearden,  Purdue  University. 
-  One  factor  which  limits  the  energy  resolution  of  a  Gc  detec¬ 
tor  is  the  charge  collection  process.  Electronic  circuits  have  been 
developed  to  correct  for  defects  attributed  to  this  process,  (ana¬ 
log  correction).*'*  We  have  taken  a  different  approach  and  im¬ 
plemented  these  corrections  using  computer  software  by  digitally- 
encoding  3  parameters,  the  pulse  heights  at  two  different  ampiifiei 
shaping  times  and  the  ccuss  over  time  of  a  bipolar  signal.  In  gen¬ 
eral,  equivalent  improvements  in  energy  resolution  were  obtained 
by  software  correction  as  those  previously  repotted  using  analog 
corrections  for  non  iad>ation  damaged  detectors.  However,  the 
software  technique  proved  superior  when  radiation  damage  was 
present.  A  typical  result  for  an  80%  n  type  Ce  detector  (shaping 
time  —  2;iscc)  showed  a  decrease  in  the  FWIIM  of  a  1332  keV  7  ray 
from  2.61  keV  to  2.17  kcV.  The  technique  and  its  application  to  a 
small  (25%)  and  large  (80%)  n-type  Gc  detector  wilt  be  discussed. 
*  Supported  by  the  U.S.  DOE,  Nuclear  Phvsics  Division,  under 
contracts  W-31-109-ENG.38  and  DE-FG.02.87ER40346. 

‘F.  Goulding,  D.  Landis,  IEEE  Trans.  Nucl.  Sa.  35  (198SJ  119. 
*S.M.  Ilinshaw  and  D.A.  Landis,  to  be  published. 


9:48 

BBC  A  Large  Acccpiar.ee  Dciccar for Phoro-Nuclcar Physics 
N.R.  KOLB,  E.B.  CAIRNS.  H.  FIELDING.  L.G.  GREENIAUS. 
E.D.  HACKETT.  L.  HOLM.  D.A.  HUTCHEON.  F.C  KHANNA. 
E.  KORKMAZ.  P.  LANGILL,  D.  MACK.  WJ.  MCDONAl-D.  B.A. 
PETERSON.  N.L.  RODNING.  I.  SOUKUP.  IJ.  VAN  HEERDE.N. 
W.  ZIEGLER.  Univcrsiiv  of  Alhe.aa:  IC  BERGSTROM.  H5 
CAPLAN.  R.E.  PVWELL.  D.M.  SKOPIK.  J.M.  VOGT. 
S.iskaichewan  Accelerai-ir  IaK  J  Jl'PY.  Treni  L'niversiiv.  I 
CAMERON,  lUCF.  The  Saskatchewan  .Mbetu  Large  Awccpiancc  - 
Detector  vSALADi  has  been  cunsuucicd  as  a  nad!<x:>  deiccwr  fu:  use 
with  the  tagged  photon  taciliiv  at  the  Saskatchewan  Accelerator  Lao 
(SAL).  Charged  pantclcs  produced  m  a  gas  urgei  ceil,  with  scattenng 
angles  between  7  and  173  degrees,  arc  tracked  through  four 
cylindrical  wire  chamben  surrounded  by  24  sets  .jf  AE  E  scin:;"aior 
sections.  Due  to  the  extended  gcometo  of  SALAD,  a  Monte  Carl.> 
simu’auon  is  used  tu  ptcdivi  the  cffccnvc  awcptamc  uf  the  dciccfu,. 


The  code  was  tested  by  measuring  p  p  elastic  scattering  at  TRIUMF 
and  iromparir.g  to  the  well  known  cross  section.  Preliminary  results, 
from  the  cotiunissiun.r.g  run,  with  tagged  photons  of  180-220  MeV 
on  ihc  deuicron  will  be  presented. 


10.00 

BB6  KBrfEul  Scintillator  Crystals  as  Heavy  lor. 
Detectors .  E.  BELHONT-KORENO,  A.  MEKCHACA-ROCHA, 
M.S.BRAHDAR,  J. HERNANDEZ  A.,  Institute  de 
Fisica,  U.N.A.M.  Mexico  D.F.,  H.  GONIN,  K. 
HAGEL,  R.KADA,  AND  J . B . NATOHITZ ,  Cyclotron 

Institute,  Texas  A&M  University,  College 
Station,  Texas.  The  results  o£  a  study  aiiaed  at 
evaluating  the  capabilities  o£  KBr(Eu} 
scintcliatoc  crystals  as  heavy  ion  detectors 
be  presented.  An  optiiaua  Eu  doping  o£  0.1 
fitole  %  has  been  established  by  measuring  the 
dependence  o£  the  light  output  response  as  a 
function  of  Eu  concentration.  The  KBr(Eu) 
samples,  used  as  E  detectors  in  a  DE-E 
telescope  arrangement .  were  exposed  to  E/A<20 
KeV,  2<'z<7  ions  from  N+‘^C  reaction  residues. 
The  experiments  were  carried  out  with  a  280  HeV 
14N  beam  from  the  K-500  Superconducting 
Cyclotron  at  TAMU.  The  KBr(Eu)  response  to 
ions  is  compared  with  that  of  a  commercial 
Csl(Tl).  The  resolution  of  KBr(Eu)  is  found  to 
provide  adequate  element  separation,  although 
Its  luminosity  is  found  to  be  considerably 
smaller  than  that  of  CsI(Tl). 


10:12 

BB"  A. High  Resolution  Lcud /Scintillating  FibCT 

Electromaenetic  Calorimeter  for  IJRAR  D.W.  HERTZOG.  P.T. 
DEBEVEC.  Rj\.  EISENSTEIN,  M.A.  GRAHAM.  SJi. 
HUGHES.  P.E  REIMER,  and  R.L.  TAYLOE  U.  of  Illinois  at 
Utbana-Chamnaigni-Sectromagnettc.  calonmeta  modules  based  on 
a  tmifonn  anay  of  plastic  scmDllaimg  fibers  embedded  in  a  lead 
alloy  have  been  bmlt  and  tested.  Techniques  have  been  developed  to 
assemble  large  vc^umes  of  this  composite  material  and  to  machine  it 
into  the  Dpeted  trapezoidal  ir«dules  appro;ma:c  for  modem, 
hennetically-sealod  calorimeters  with  pointing  geometry.  Using  this 
technique,  a  300-eIement  array  of  such  modules  has  bee,t  built  and 
instrumented  Prototypes  and  subsets  ofthe  larger  array  have  been 
tested  in  electron  and  photon  beams  ran^ng  in  energy  from  0.03S  to 
5.0  GcV.  Improvements  in  fiber  characteristics,  assembly 
procedures,  and  geometrical  opdmizaiioa  have  led  to  subsantial 
performance  gams  over  previous  similar  daectoB.  The  average 
resolution  of  these  detectors  is  determined  to  be  dE  •>  d3%  / 
v/E(GcV).  The  techniques  of  fabricaiion  and  il%  detected  tests  will 
^described 

^Research  suppoired  m  pan  by  the  National  Science  Fmindatkm  and 
the  University  of  Illinois  Campus  Research  BoanL 


10:24 

BBS  A  Silicon  Calorimeter  for  Measuring  Charged 
Particle  Evaporation  Spectra.*  DJ.  BLUMENTHAJL  aixl 
CJ.  LISTER.  Yale  University  An  open  question  in  compound 
njclcai  dci-ay  is  the  cftwi  of  shell  siruciore  on  the  statistical 
evaporation  of  parncles.  A  recent  measurement  has  iialicated  changes 
in  proton  cvapomiion  spectra  in  coincidence  with  discrere  gamma  ray 
transitions  in  different  rotational  bands*.  In  order  to  improve  ca 
present  experiments  which  use  highly  segmented  scintillators  and  arc 
limited  by  resoluuon.  both  tn  energy  jnd  panicle  emissitm  an^c.  we 
are  building  a  silicon  caloiimcter  designed  to  measure  evaporated 
proton  energies  to  -ive  and  their  emission  angles  to  a  precision  of  a 
few  degrros.  Tnc  <-aionmeier  v  nsists  of  a  i6-ckmcm  oi^cna!  barrel 
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of  position  sensitive  PIN  diodes,  each  50i.  m  x  lOram  and  700p  thi.>k, 
subtending  48%  of  4jt  A  Monte  Carlo  simulation  of  detector 
performance,  including  target  thickness,  absorber  foil,  position 
uncertainty,  and  energy  uncertainty  effects  has  been  carried  out. 
Source  tests  on  prototype  detectors  are  in  progress,  and  these  results 
will  be  discussed  alon®  with  the  Monte  Carlo  simulations. 

*  Work  supponed  by  USDOE  Contract  No.  DE-AC02-76ER03074. 

1 ,  D.G.  Sarantites,  ct  al.,  Phys.  Rev.  Lett.  64,  (1990)  2129. 


10:36 

BB9  "A  Low-Energy  180®  Electron  Scatterinc 
System.*"  D.  SOBER,  J.  CONNELLY,  H.  CRANNELL, 
L.  FAGG,  J.  O'BRIEN,  and  M  PETRAITIS,  CATHOLIC 
UNIVERSITY,  and  R.  DEININP>..,  and  S.  WILLIAMSOf 
UIUC — A  low  energy  (20-90  MeV)  180®  electror 
scattering  system  has  been  designed,  constructed, 
and  installed  at  the  UIUC  microtron  facil.^ty. 
The  system  features  a  3-magnet  chicane  plus  i 
separating  magnet  which  is  located  inside  th* 
target  scattering  chamber.  Both  the  spectrometer 
and  the  separating  r.ignet  are  rotated  in  takinc 
inelastic  spectra.  \  guadrupole  doublet  and  f 
set  of  Helmholtz  coils  between  the  target  anc 
beam  dump  are  effective  in  reducing  background, 
The  performance  of  the  system  will  be  discussed. 
♦Work  supported  in  part  by  NSF  under  Grant  Nos. 
PHY8217076  and  PHY8820654 


10:48 

BB  10  Nuclear  Charge  Separation  of  Heavy  Ions  at  Low 
Energies^  F.  SCARLASSARA,  K.  E.  REHM,  B.  G.  GLAGOLA, 

A.  H  WU03MAA,  Argonne  National  Laborator*/*.  Recently 
developer!  recoil  mass  separators  provide  exc silent  mass 
separation  for  heavy  nuclei  produced  in  compound  nucleus 
reactions.  A  satisfactory  charge  identification  for 
these  i.uclel  with  traditional  E-AE  or  Bragg  peak  methods 
is  limited  to  energies  ^1  MeV/a.m.u.  for  ions  of  A250. 

We  have  Investigated  if  a  gas  filled  magnet  can  be  used 
for  nuclear  charge  identification  for  ions  at  low 
vel.jcities.  This  method  exploits  the  difference  in  the 
average  charge  state  q  for  i?ns  with  different  nuclear 
charge  Z  moving  In  a  gaseous  medium.  First  test 
experiments  were  performed  with  a  split  pole 
spectrograph  with  5®Ni  and  ions  ot  energies  between 
1.5  and  0.5  MeV(nucleon.  The  results  show  that  at  these 
energies  Fe  tnd  Ni  are  separated  in  the  focal  plane  by 
•bout  10  cm.  The  charge  separation  is  only  weakly 
dependent  cr.  the  incloent  energy.  The  results  have  been 
comp  red  with  vinous  limulstion  calculations  and  good 
agreement  between  theory  ard  experiment  has  been 
obierved.  Results  for  charge  separation  involving 
different  magnet  gsometrles  will  be  presented. 

*Submitted  by  K.  E.  Rehm. 

♦Work  supported  by  the  U.S.  Deportment  of  Energy, 

N'lclear  Physics  'division,  under  ccntract 
W-31-109-E1.G-38. 


Suppkmentary  papers 


BB  1 1  A  High  Energy  Polarimeter  for  Linearly  Pf-lMlvd 
Photons.  D.S.  DALE,  R.M.  LASZBWSKl,  R.  ALARCON 
U  of  lllinois*-A  polarimeter  for  linearly  polarized  photons  based 
on  the  phenomenon  or  pair  production  in  the  field  of  an  electron 
(triplet  production)  has  beer  constructed,  f.uch  a  polarimeter  can 
be  expected  to  be  effective  from  about  10  Me\'  to  several  GeV.  Pre¬ 
liminary  tests  with  unpola'ized  photons  clearly  identify  cho  triplet 
events.  Results  of  a  measurement  of  the  polarization  dependence 
of  the  process  pe.  jrn.ed  with  highly  poWized  tagged  pucton."*  will 
be  presented. 

'Research  supporUd  m  pan  the  National  Science  Foundation. 


BB  i;  Calibration  of  ®He-Polarization  uslnu  NMR 
Techniques.  W.  LOREN20N,  H.  GAO,  T.  GENTILE  and 

R.  McKEOWN,  Caltech . *  - Asymmetry  measurements 

in  spin-dependent  scattering  of  longitudinally  po¬ 
larized  electrons  from  a  polarized  ®He  gas  target 
require  accurate  determination  of  both  electron 
and  target  polarization.  A  systematic  study  of  the 
calibration  of  the  optical  polarization  signal  in 
®He  using  NMR  techniques  is  in'pf ogress.  The  target 
polarization  is  calibrated  directly  by  comparing 
with  a  water  sample.  A  precision  of  better  than  5% 
can  be  obtained. 

*  Supported  by  the  National  Science  Foundation. 


SESSION  BC:  NUCLEAR  STRUCTURE  II:  A  >  100 
Friday  morning,  26  October  1990 
Room  144,  Loomis  Laboratory  at  9:00 
D.  Balamuth,  presiding 

9:00 

BC  1  Level  Lifetimes  in  ***Sn,  J.  L.  WEIL,  J.  D. 

BOONE,  R.  GO  and  Z.  GACSI*,  Uniy.  of  Kentucky." 

The  lifetimes  of  more  than  forty  excited  levels  have 
been  deduced  for  the  nucleus  I'^Sn  using  the  Doppler 
shift  attenuation  method.  Doppler  shifts  i;ere  measured 
for  some  sixty  l-xaya  observed  in  the  ‘'*Sn(n,n'Y) 
reaction  at  an  incident  neutron  energy  of  4.5  MeV.  In 
the  calculation  of  the  F(t)  vs.  T  curves,  the  Doppler 
shifts  were  averaged  over  all  kinematically  allowed 
directions  of  the  recoiling  nucleus,  since  the 
scattered  neutrons  were  not  observed.  Lifetimes  in  the 
range  of  4  fs  to  500  fs  were  observed.  The  y-ray 
multipole  strengths  in  Weisskopf  units  will  be 
presented  for  those  levels  where  the  decay 
mul  .ipolarlty  is  known. 

‘Permanent  address:  Institute  of  Nuclear  Research, 
Debrecen,  Hungary 

"Supported  in  part  by  NSF  Grant  #PHy-90-01465. 


5.12 

BC  2  Band  rtructures  in  Y.  Liang,  J.R.  Hughes, 
D.R.  LaFosse,  R.  Ma,  E.S.  Paul,  P.  Vaska,  N.  Xu,  and  D.B.  Fos- 
san  SUNY  ^tony  Brook,  The  ’'®Cd('’B,  4n)  reaction  at  45  MeV 
has  been  used  to  investigate  with  an  array  of  6  Compton- 
suppressed  Ge  detectors  along  with  a  14-clement  BGO  multiplicity 
filter.  The  unique  negative-parity  AI  =  2  band  built  on  a  m/iii/j 
orbital  was  observed  showing  an  indication  of  band  termination 
at  fiw  ''37  MeV.  The  previously  identified  A/  =  1  rrgg/j  hole 
band  was  extended  up  to  27/2*.  Two  additionally  observed  bands, 
which  arc  believed  to  be  associated  with  prolate  and  oblate  Ttgj/i 
iriidshell  orbitais,  show  the  expected  different  characteristics.  A 
decrease  in  the  energy  of  the  oblate  irgr/z  orbital  with  N  has  been 
theoretically  predicted’.  For  both  of  the  prolate  and  oblate  ngj/j 
bands,  rotational  alignment  of  an  hn/i  neutron  pair  was  observed. 
These  experimental  results  and  the  systematics  for  odd-A  iodine 
isotopes  will  be  presented. 

’  W.  Nazirewicz;  R.  VVyss,  private  communications. 

‘  Suppoitcd  in  part  by  the  National  Science  Foundation. 


9-.24 

BC  3  Comparison  c<’  Experimental  with  Calculatea  p-n 
Interactions  in  Doubly  Magic  Regions.*  W.-T.  CHOU,  BNL.  J.- 
Y.  ZHANG,  BNL.  CCAST.  Inst.  Mod.  Phvs.  Lanzhou,  ORNL. 
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R.  F  CASTEN,  BNL.  D.  s.  BRENNER,  Clark  U..  C. 
WESSEIBORG,  BNL.  U.  Koln.-Recently.  empirical  values 
for  the  residual  p-n  interactions  of  the  last  proton  with  the 
last  neutron  have  been  obtained.  The  overall  smooth 
systematics  is  modulated  by  rather  strong  fluctuations.  This 
is  particularly  true  near  closed  shells  where  low  and  high  j 
orbits  are  being  filled  sequentially.  In  these  regions,  the 
quadrupole  component  of  the  p-n  interaction  is  particularly 
large  since,  viewed  in  a  Nilsson  scheme,  it  is  where  the 
sharply  up-  or  down-sloping  orbits  occur,  and  p-n  spatial 
overlaps  vary  rapidly.  To  study  these  fluctuations,  we  have 
calculated  the  quadrupole  p-n  interaction  in  the  Nilsson/BCS 
scheme  for  the  ^^Zr,  ^'^^Sn  and  208pb  regions.  Excellent 
agreement  with  the  experimental  trends  is  found.  Research 
performed  under  contracts  DE-AC02-7()CH00016  and  DE- 
FG02-88ER40417  with  the  USDOE. 


9:36 

BC  4  Discrete  Spectroscopy  in 

PH.  BENET®,  I.  AHMAD“,  K.  BEARD=,  P.J.  DALY^, 

M.W.  DRIGERT^,  P.B.  FERNANDEZa,  T.  HAPP^,  R.V.F. 
JANSSENS*’,  T.L.  KHOO*’,  E.F.  MOORE*’,  F.L.H.  WOLFS*’, 

D.  YSa.  Using  the  ®®Mo(^®Ti,4n)  reaction  at  219  MeV 
and  the  Argonne-Notre  Dame  BOO  7-ray  facility,  the 
states  in  were  studied  from  a  coincidence  matrix 

with  ~2  10®  events.  The  level  scheme  is  rather 
complex  and  indicative  of  "particle  alignment"  as  the 
mode  of  angular  momentum  generation  along  the  yrast 
line  and  in  its  close  vicinity.  The  structure  of 
^^^Gd  will  be  compared  with  that  of  neighboring 
nuclei. 

alpurdue  University,  West  Lafayette,  IN,  47S07 
*’*Argonne  National  L.b.,  Argonne,  IL,  60439 
alUniversity  of  Notre  Dame,  Sound  Bend,  IN  46556 
<*>INEL.,  EGSG,  Idaho  Falls,  ID,  83415 

*Thi8  work  was  supported  by  the  U.S  Department  of 
Energy,  Nuclear  Physics  Division,  under  contract 
W-31-109-ENG-38,  DE-AC07-76ID3 570  and  DE-FG-02-87- 
ER40346  and  the  NSF  under  grants  PHY-88-02279. 


9:48 

BC  5  Gaitma-ray  Studies  of  Transfer  Products  from  ®®S 
+  *^®QGd  and  ®^C1  +  ^®°Gd  Collisions*.  R.  H.  MAYER,  I. 

G.  BEARDEN,  Ph.  BENET,  P.  J.  DALY,  Z.  W.  GRABOWSKI,  Purdue 
Uiitv.  .  I  AHMAD,  M.  P.  CARPENTER,  P.  B.  FERNANDEZ,  R.  V. 
F  JANSSENS,  T  L.  KHOO,  E.  F.  MOORE,  Argonne  NL  and  H. 
W  DRIGERT,  INEL  -  -  -  Gaimna-ray  coincidence  measurements 
for  the  systems  *-®®Gd  +  159  MoV  ®®S  and  ^®®Gd  +  167  MeV 
®^C1  were  performed  with  the  Argonne-Notre  Dame  BGO  7- 
ray  facility.  By  selecting  events  of  moderately  high  7- 
ray  multiplicity,  we  could  identify  states  up  to  about 
1-12  in  few-nucleon  transfer  product  nuclei  around  A-160, 
and  estimate  relative  yields  for  the  various  reaction 
channels.  Results  of  note  include  the  ground  state  band 
up  to  lO'*'  in  neutron  excessive  *-®^Gd,  v;hlch  was  little 
studied  up  to  now.  The  range  of  application  of  this  method 
of  study  will  be  discussed. 

*Supported  by  the  U.S.  DOE. 


10:00 

BC  6  Electromagnetic  Properties  of  Tungsten  Huclei. 
C.Y.  WU,  D.  CLIHE-,  E.G.  VOGT,  W.J.  KERNAN,  T.  CZOSNYKA, 
K.  HELMER,  B.  IBBOTSON,  A  KAVKA,  B.  KOTLINSKI,  WSRL 
University  of  Rochester.  R.M.  DIAMOND,  LBL  —  The 
quadrupole  collectivity  in  has  been  studied  by 

Coulomb  excitation  using  ®®Ni  and  '*‘Xe  projectiles.  A 


total  of  35  E2  transition  and  diagonal  plus  4  Ml  matrix 
elements  for  both  the  ground-state  and  7  bands  were 
determined  for  '®*W.  A  similar  set  was  measured  for 
In  a  separate  experiment  the  lifetimes  for 
these  collective  states  were  measured  using  the  recoil 
distance  method.  These  lifetime  measurements  are  in 
good  agreement  with  the  Coulomb  excitation  results.  The 
correlations  of  the  extracted  E2  matrix  elements 
examined  using  the  .Cline-Flaum  sum-rule  technique'  ^  will 
be  discussed  in  the  framework  of  various  collective 
models.  These  correlations  are  well  described  with 
quadrupole  shape  degrees  of  freedom.  Strong  mixing 
between  the  p-  and  7-vibration  degrees  of  freedom, 
claimed  in  the  pairing-plus-quadrupole  model  of  Kumar 
and  Baranger,  is  not  supported  by  the  present  results. 

1)  D.  Cline,  Ann.  Rev.  Nucl.  Part,  Sci.  36,  683  (1986). 


10:12 

BC7  On-Line  Nuclear  Orientation  of  '°*Au.  Y.-S. 

XU.  K.  S.  KRAHE,  M.  A.  GUHMIN,  and  J.  T.  ELLIOTT,  Oregon 
State  Unlv. .  H.  K.  CARTER  and  I.  C.  GIRIT,  UNISOR.  D. 
RUPNIK  and  E.  F.  ZGANJAR,  Louisiana  State  Unlv. .  J.  L. 
WOOD,  Georgia  Tech..  P.  F.  MANTICA,  JR.  and  B.  E. 
ZIMMERMAN,  Unlv.  of  Maryland.* — Gamma-ray  angular 
distributions  have  been  measured  for  more  than  100 
transitions  emitted  in  the  decay  of  53-s  '®*Au  oriented 
on-line  at  a  temperature  of  8  mK'.  Based  on  the 
anisotropies  of  the  gamma  rays  and  on  spectrosconlc  data 
(conversion  coefficients,  gamma-gamma  and  electron- gamma 
coincidences) ,  we  will  propose  a  new  level  scheme  for 
'®*Pt  that  removes  many  of  the  ambiguities  in  level 
placements  and  spin  assignments  of  the  previous  scheme.. 
Of  particular  interest  is  the  use  of  E2/M1  mixing  ratios 
of  AI  -  0  interband  transitions  to  determine  the 
character  of  states  of  the  low-lying  coexisting 
spherical  and  deformed  bands  and  to  determine 
unambiguously  the  EO  content  of  the  transitions. 

^Supported  in  part  by  the  U.S.  DOE  under  contracts  DE- 
FG06-87ER40345  (OSU) ,  DE-AC05-760R00033  (UNISOR),  DE- 
FG05-84ER401S9  (LSU),  DE-FG05-87ER40330  (Ga.  Tech.),  DE- 
FG05-88ER40418  (Hd.). 


10:24 

BC  8  High  Spin  Studies  in  the  Nucleus  ^®®Hg* 

I.G.  BEARDEN®,  R.V.F.  JANSSENS'’,  M.P.  CARPENTER*’, 

P.J.  DALY*’,  I.  AHMAD*’,  PH.  BENET®,  M.W.  DRIGERT^, 

P.B.  FERNANDEZ*’,  0.  GARG'*,  Z.W.  GRABOWSKI®,  E.F. 
MOORE*’,  T.L.  KHOO*’,  W.  REVIOL'*,  F.L.H.  WOLFS**,  D.  YE^. 
High  spin  states  in  the  nucleus  *-®®Hg  were  populated 
with  the  *-®®Gd(®4s,4n)  at  159  MeV.  Several  band 
structures  have  been  established  from  the  7-7 
coincidence  data.  Most  of  these  structures  correspond 
to  the  collective  rotation  of  the  oblate  deformed 
*-®®Hg  nucleus,  but  a  structure  with  irregular  energy 
spacings  probably  corresponds  to  particle  alignment  of 
a  prolate  non-collective  nucleus  (7'-120°).  Finally, 
a  superdeformed  band  has  also  been  observed. 
Comparisons  with  neighboring  nuclei  will  also  be 
presented. 

®ipurdue  University,  West  Lafayette,  IN,  47907 
*’lArgonne  National  Lab.,  Argonne,  IL,  60439 
c)lNEL.,  EGSG,  Idaho  Falls,  IB,  83415 
^lUniversity  of  Notre  Dame,  Sound  Bend,  IN  46556 
*This  work  was  supported  by  the  U.S.  Department  of 
Energy,  Nuclear  Physics  Division,  under  contract 
W-31-109-ENG-38,  DE-AC07-76ID1570  and  DE-FG-02-87- 
ER40346  and  the  ISF  under  grants  PHY-88-02279. 


10:36 

BC '  Population  of  Superdeformed  States  and 
Cor  tx  with  Fission*  E.F.  MOORE.  R.V.F.  JANSSENS, 
T.  r  Knc.  I.  AHMAD,  M.P.  CARPENTER,  R.R.  CH.ASMAN,  and 
IL  '  nOLFS.  Z.rgonne  National  Laboratory.  Argonne, 
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Illinois  60439*  K.B.  BEARD,  D.  YE,  and  U.  GARG 
University  of  Hotra  Dame,  Notre  Dame,  Indiana  46SS6 
PH.  BENET,  P.J.  DALY,  and  Z.W.  GRABOWSKI,  Purdue 
University,  West  Lafayette,  Indiana  A7907.  M.W.  DRIGERT, 
Idaho  National  Engineering  Laboratory,  EG&G  Idaho.  Idaho 
Falls.  Idaho  47907,  USA.  We  have  measured  the  average 
entry  points  for  superdeformed  (SD)  and  normal  states  in 
using  the  ^®®6d(^®S,An)  reaction  at  several  beam 
energies  between  154  and  172  MeV.  Compared  with  normal 
states,  the  superdciormed  states  have  entry  spins  ~10  h 
higher  and  internal  excitation  energies  (U  »  E*  - 
Eyrast)  least  2  MeV  lower.  Clearly  the  initial 
population  for  the  SD  band  originates  from  higher  spin. 
By  comparison  with  calculated  £,  -  distributions  of 
evaporation  residues,  using  CASCADE  to  compute  the 
fission  competition,  we  find  that  the  initial  population 
of  the  SD  band  originates  from  the  tall  of  the 
evaporation  residue  spin  distribution.  For  this  system, 
there  is  also  a  rapid  onset  of  fission  with  increasing 
£.,  severely  limiting  the  survic  1  probability  at  highest 
e.(>40  h). 

*Thls  work  was  supported  by  the  U.S.  Department  of 

Energy,  Huclear  Physics  Division,  under  contract  Ho. 

W-31-109-ENG-38. 


10:48 

BC 10 The  Structure  of  and  its  possible 

implications  to  Supersymmetry.  S.  Fischer,  A. 
Aprahamian,  University  of  Notre  Dame.  E.  A.  Henry, 
L.  Mann,  R.  A.  Meyer,  N.  Roy,  and  G.  Struble, 

Lawrence  Livermore  National  Laboratory — We  have 
undertaken  a  study  of  the  odd-odd  1^6 Au  nucleus  to 
test  the  validity  of  supersymmetry  concepts  L2  in 
the  nuclear  domain.  The  196au  nucleus  has  been 
studied  by  electron-gamma  and  gamma-gamma 
coincidences  following  the  (t,2n)  reaction  on  I95pt 
and  by  gamma-gamma  coincidences  following  the 
(p,n)  reaction  on  i96pt.  We  will  present  the 
resulting,  low-lying,  level  scheme  and  discuss  it  in 
terms  of  supersymmetry. 

'a.  Arima  and  F.  lachello,  Phys.  Rev.  Lett.  '44,  772  (1980). 

2p.  Van  Isacker,  J.  Jolic,  K.  Heydc,  and  A.  Frank,  Phys.  Rev. 

Lett.  54,  653  (1985). 


11:00 

BC  11  Neutron  Single-particle  States  above  N°1S2 
Subshell^:.  AHMAD.  R.  R.  CHASMAH.  A.  M.  FRIEDMAN'*'. 
Argonne  Harional  Laboratory.  S.  W.  YATES,  University 
of  Kentucky.  Identification  of  single-particle 
states,  in  particular,  the  l/2+(880]  arising  from  the 
kl7/2  shell  state,  is  important  for  the  calculation  of 
shell  corrections  which  are  relevant  to  the  stability 
of  superheavy  elements.  To  identify  these  states  one 
must  study  level  structures  of  nuclei  with  neutron 
numbers  greater  than  152,  so  that  the  levels  of 
interest  are  close  to  the  ground.  We  have  therefore 
studied  the  levels  in  251cf  populated  in 
reaction  at  the  Argonne  FN  tandem  Van  de  Graaff 
accelerator.  The  outgoing  protons  were  analyzed  with 
an  Enge  split-pole  magnetic  spectrograph  with  high 
resolution  (FWHM=7  keV).  In  the  spectrum  we 
identified  all  particle  states  between  H=152  and  Kcl64 
subshells.  In  particular,  we  have  made  a  definite 
identification  of  the  1/2" (750)  band  at  633  keV  and 
tentative  identification  of  the  1/2" (761)  band  at  1250 
keV.  From  the  energies  of  these  two  states  one  can 
determine  the  locations  of  the  hii/2  and  ji3/2  shells. 
We  did  not  find  the  l/2‘''(880)  band  below  1  MeV 
excitation  energy. 

*Work  supported  by  the  U.S.  Department  of  Energy, 
Nuclear  Physics  Division,  under  contract 
W-31-109-ENG-38. 

■'’Deceased. 


SESSION  BD:  POLARIZATION  AND  FEW  NUCLEONS 
Friday  morning,  26  October  1990 
Room  136,  Loomis  Laboratory  at  9:00 
H.  Weller,  presiding 

9:00 

BD  1  Complete  Spin  Observables  for  Polarized  Proton 

Scattering  from  Polarized  ^He  and  G.  HE,  R.H.  LANDAU, 
and  T.  MEFFORD,  Qregon  State  University*.  —  The  scattering 
matrix  for  two  spin  j  particles  has  the  spin-space  structure 

T  =  i((a  +  6)  +  (a  -  b)crp  ■  no2  •  n  +  (c  +  d)ap  ■  muz  ■  m 

+  (c  -  d)ap  ■  tiT2  ■  I  +  e(<7p  +  <72)  ■  n  +  f(ap  -  ffe)  ■  n]  (1) 

We  have  organized  the  36  mdependent  polarization  observables  for 
the  general  scattering  of  two  spin  5  particles  into  different  classes 
based  on  the  difficulty  of  their  measurement  (the  number  of  initial 
and  final  polarizations  required),  and  have  separated  the  large  or 
significantly  varying  ones. 

We  have  used  a  microscopic,  momentum  space  optical  potential 
to  predict  all  polarization  observables  for  250-650  MeV  proton  scat¬ 
tering  from  the  ^He  and  nuclei.  This  includes  proper  off-shell 
kinematics,  no  small  angle  approximations,  and  off-energy-shell 
NN  T  matrices  based  on  modem  phase  shills  and  potentials.  The 
observables  are  presented  in  three-dimensional  plots. 

*  Research  supported  in  part  by  the  U.S.  Department  of  Energy 


9:12 

bd2  R^porton  Measlirgmgm.jf  Cnn  and  Ay-ioL-B(nd0Y_at 
T-  =  183  MeV.  C.  BLOCH,  S.F.  PATE,  S.E.  VIGDOR, 
J.  SOWINSKI,  S.W.  WISSINK,  H.O.  MEYER,  W.W.  JACOBS, 

S. M.  BOWYER,  T.W.  BOWYER,  E.  PIERCE,  C.  WHIDDON, 
G.  XU,E1£E.M.A.  PICKAR.  U.  of  Kentucky.  P.L  JOUVETTE. 
Hope  College.  -  Recent  calculations  of  np  *-►  dy  observables*'* 
suggest  that  measurement  of  the  spin  correlation  parameter  Ci,^ 
is  a  more  sensitive  test  of  relevant  reaction  mechanisms  than  are 
the  analyzing  powers  or  differential  cross  section.  In  particular, 
one  should  be  able  to  distinguish  between  different  methods  for 
including  mesons  and  isobars.  We  have  begun  to  measure  AJ  , 

AJ ,  and  Cf^fj  at  lUCF.  Polarized  neutrons,  produced  by  the 
d(p,n)pp  reaction,  are  incident  on  a  polarized  proton  target. 
Deuterons  and  y-rays  are  detected  in  coincidence  over  the 
laboratory  angle  range  =  34°  -  132°.  We  present  a  status 
report  with  some  preliminary  data. 

*  W.  Jaus  and  W.S.  Woolcock,  Nucl.  Phys.  A480,  573  (1988). 

*  H.  Arenhovel,  1986  CEBAF  Summer  Study. 


9:24 

BD  3  cr.  A,,,  and  Pww»  Measurements  for  200  Me'V  Proton 
Scattering  from  »°'Pb°.  J.  LISANTTI,B.  J.  STEPHBNSON,A. 
D.  BACHER,  P.  LI,  R.  SAWAFTA,  P.  SCHWANDT,  S.  P. 
WELLS,  S.W.  WISSINK. Indiana  Univergitv  Cyclotron  Facility 
Wc  have  measured  the  cross  section,  analyzing  power  and  the 
normal  spin-transfer  coefficient  D;y;v'  for  200  MeV  proton  scat¬ 
tering  from  ’^’Pb  at  lab  angles  of  8, 10, 12  and  15°  covering  an 
excitation  energy  of  2  to  24  MeV.  The  resolution  of  the  data 
is  40  keV.  The  cross  section  data  will  be  compared  to  elec¬ 
tron  scattering  data*  of  a  similar  resolution  in  order  to  study 
the  fine  structure  of  the  giant  resonance,  re^on.  Spin-flip  data 
along  with  spin-flip  cross  sections  will  be  presented  in  compar¬ 
ison  to  RPA  calculations*  in  order  to  help  determine  spin-flip 
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dipole  and  quadrupole  distributions. 

•Work  supported  in  part  by  NSF  grant  PHY  87-14406 

1.  G.  Kilgus,  Z.  Phys  A  326,41  (1987) 

2.  J.  Wambacb,  private  communication 


9:36 

BD  4  Estimates  of  panty-violatiun  with  polarised  neutrons. 

E.  D.  DAVIS',  U.  of  Ari^iona.  A.  MULLER  and  H.-L.  HARNEY, 
MPI  f.  Kernphysik,  FRG,  and  V  E.  BUNAKOV,  Leningrad  Insti¬ 
tute  of  Nuclear  Ph>slcs,  USSR  Remarkable  vlulatiuns  of  parity 
have  been  observed  m  polarised  epithermal  neutron  transmission. 
A  model  has  been  developed'  which  incorporates  parity  violation 
into  the  statistical  theory  of  nuclear  reactions,  thereby  permitting 
a  systematic  theoretical  study.  The  fundamental  parameter  of  the 
theory  is  the  spreading  width  E^''.  The  consistency  of  the  model 
with  the  most  extensive  experimental  study’  to  date  of  parity  vio¬ 
lation  in  a  given  nucleus  (’’’U)  is  discufsed.  With  the  acquisition 
of  additional  information  on  in  mi' d,  wide-ranging  estimates 
of  parity  violation  are  presented  for  both  epithermal  neutrons  and 
neutrons  of  kilovolt  and  higher  energies. 

'  Supported  by  NSF  grant  PIIY87-2382. 

'  A.  Muller,  et  ah.  submitted  to  PRL. 

’  J.  D.  Bowman,  ct  al..  submitted  to  PRL. 


9:48 

BD  5  Polarization  Effects  in  the  ^Hetd.^Heoln  and  ^Hefd.ipln 
Reactions  at  Ej  =  17  MeV.  Z.  AYER  and  S.E.  DARDEN,  U.  of 
Notre  Dame*,  S.SEN,  Thomas  More  College,  and  R.E.  WARNER, 
Oberlin  College— To  investigate  the  role  played  by  nucleon-nucleon 
final-state  interactions  in  the  deuteron  breakup  on  ^He,  we  have 
measured  triply-differential  cross  sections  and  vector  analyzing 
powers  for  the  3He(d,3Hep}n  and  3Hc(d,tp)p  reactions  in  kincmadc- 
ally  complete  geometry  at  Ej  =  17  MeV.  Breakup  spectra  produced 
by  bombardment  of  a  ^Hc  gas  target  were  detected  by  four  counter 
telescopes  placed  symmetncally  on  either  side  of  the  beam.  ^He-p 
and  t-p  coincidence  spectra  were  obtained  at  five  sets  of  ^He/t  and  p 
angles.  The  kinematic  loci  for  these  angle  pairs  contain  regions 
where  the  reladve  nucleon-nucleon  energy  is  close  to  zero.  Our 
results  will  be  presented  and  compared  to  predictions  of  simple 
two-step  calculations.  We  have  also  measured  tensor  analyzing 
powers  T20  &  T22  for  one  of  these  angle  pairs.  In  addition, 
comparisons  will  be  made  between  Impulse  Approximation 
calculations  and  our  measurements  in  the  kinematic  regions  where 
the  quasi-free  scattering/rcaction  mechanism  is  dominant. 

‘supported  by  the  National  Science  Foundation  under  Grant  No. 
PHY  8803035. 


10:00 

BD  ^  Spin  Observables  In  the  ^"otp.n)  and 
28sl(p.n)  Reactions  at  135  HcV.*  J.W.  WATSOS,  M.  RAHI, 
B.D.  ANDERSON.  A.R.  BAI.DWIN.  R.  MADEY,  MARCO  R. 
PLUMLEY.  J.  SCHAM8ACH,  Kent  State  0..  P.J.  PELLA. 
Octtvsburi;  College  C  C  FOSTER,  tUt."  We  ncasured 
the  analyzing  power  AyfO).  tne  polarization  function 
P(S)  and  the  transverse  pol arl^zatl on- transfer 
coefficient  D„p(d)  for  the  ^®0(p,n)  and  28si(p.n) 
reactions  at  135  MeV.  Data  were  taken  with  a 
callhratcd.  Iilgh-efflclency.  neutron  polarinietcr*  for 
5°.  and  10°.  Data  for  D^p  will  he  compared  with 
results  for  1®0.2  lO.dScpS  and  208pb  4  Large  values 
of  P-Ay  arc  observed  for  some  final  states. 

1  J.W.  Watson  et  al . .  Nucl.  Instr.  &  Heth.  A272.  750 
(1988) 

^  J.W.  Watson  ct  al..  proceedings  of  the  7th 

international  Confeicnoc  on  Fcilaclzatlun  Phenomena  in 


Nuclear  Physics  Paris,  France.  1990 
3  J.W.  Watson  et  al.,  Phys.  Lett.  181B.  47  (1986) 

^  Harco  R.  Plumley  et  al..  Bull.  Am.  Phys.  Soc.  33 
1582  (1988) 


10:12 

BD  7  Absolute  differential  cross  section  for  deuteron  photodisiniegra- 
lion  at  67  MeV.  P.T.  DEBEVEC,  P.  D.  HARTY,  R.  T.  JONES,  U.  of 
Illinois  at  Urbana-Champaien.  and  D.  A.  JENKINS.  VPI&SU.4-The 
absolute  differential  cross  section  fordCy.p)  has  been  measured  with  a 
large  acceptance  detector  and  a  tagged  photon  beam  at  a  mean  energy  of 
67  MeV.  The  da'.a  are  in  excellent  agr^ment  with  the  compilations  of 
De  Pascale  et  al  1  and  by  Rossi  et  al.i  The  data  are  compared  to 
theoretical  calculations  due  to  ArenhoveP,  Cambi  etal.^,  Jaiis  and 
Woolcock^,  Laget®,  Nagomyi  et  alP,  Partovi®,  Rustgi  et  al.9  and  Ying 
et  n/.io,  not  all  of  which  account  for  the  data  equally  well. 
iResearch  supported  in  part  by  the  National  Science  Foundation. 


IM.  DcPascalc  ei  al..  Phys.  Lcil  B  JJ4 , 11  (1982). 

2P.  Rossi  et  al.  Phys.  Rev.  C  40, 2412  (1989). 

^H.  Arenhovcl,  pnvatc  communicauon,  and  to  be  published  in  Few-Body  Systems. 
“Ia.  Cambi  et  al.,  J.  Phys.  G 10.  Lit  (1984)  and  private  communication. 

^W.  Jaus  et  al.,  Nucl.  Phys.  A  422  667, 685  (1987) ,  and  private  communication. 
^J.  -M.  Lagct,  Phys.  Lett.  B  199. 493  (1987)  and  private  communication. 

^S.  1.  Nagomyi  et  al.,  Sov.  J.  Nucl.  Phys.  44  760  (1986),  and  private 
communication. 

8f.  Partovi,  Ann.  Phys.  22, 79  (1964). 

9M.  L.  Rustgi  ei  al.,  Phys.  Rev.  C22. 1823  (1986),  and  private  communication. 
*Bs.  Ying  et  al.,  Phys.  Rev.  C  2S,  1584  (1988) ,  and  private  communication. 


10:24 

BD  8  Measurement  of  the  Cross  Section  for  the  Reaction 
p-Fp-»p-fD-l-rr°  Near  Threshold.*  M.A.  ROSS,  A.  BERDOZ, 
F.  DOHRMANN,  J.E.  GOODWIN,  H.O.  MEYER,  M.  G. 
MINTY,  H.  NANN,  P.  V.  PANCELLA,  R.  POLLOCK,  T. 
RINCKEL,  F.  SPERISEN,  B.  von  PRZEWOSKI,  S.  PATE, 
Indiana  University  Cyclotron  Facility- The  first  nuclear  physics 
experiment  at  the  lUCF  Cooler  ring  is  a  measurement  of  the  cross 
section  for  the  reaction  p  +  p-tp  +  p  +  n"^  near  threshold.  The 
Cooler,  together  with  a  thin  internal  Hj  gas  jet  target,  allows  for 
a  precise  cross  section  measurement  by  providing  well-defined  in 
teraction  energies  and  by  elinunating  background  &om  p-nucleus 
pion  production  which  has  a  much  lower  threshold.  A  cylindri- 
cally  symmeteric  detector  system  has  been  installed  in  one  of  the 
straight  sections  of  the  ring  and  is  used  to  detect  the  coincident 
protons  with  good  energy  and  angular  resolution.  The  mass  of  the 
unobserved  particle  is  then  deduced.  Elastically  scattered  protons 
were  detected  at  the  same  time  and  by  the  same  detector  as  the 
pion  production  events.  Elastic  scattering  was  used  for  normal¬ 
ization  to  obtain  an  absolute  p-Fp-*  p  +  p+tt”  cross  section. 
Cross  section  data  has  been  obtained  at  9  bombarding  energies 
in  the  range  282-326  MeV. 

•Work  supported  by  the  National  Science  Foundation. 


10:36 

BD9 

The  ■D.zStatB.  o(  determined  from  the  sub -Coulomb 
95Mo(d.ll9‘*Mo  feaction.*  R.K.Das,  D.J.Abbotl,  T.B.CIegg, 
E.R.Crosson,  K.A.Fie‘''her,  H.J.Karwowski,  S.Lemleux  and 
E.J.Ludwig.  Hniyar  North  Carolina  at  Chapel  Hill  and 
Triangle  Universities  .clear  Laboratory.  Angular  distributions  of 
differential  Gres'-  ..,n  and  tensor  analyzing  powers  (TAP)  have 
been  measuiuu  .he  g.s.  transition  of  this  reaction  at  7.0  MeV. 
The  motivation  for  this  experiment  was  to  determine  the  D-state 
probability  (Dg)  in  the  triton  wave  function  using  the  finite-range 
DWBA  calculation  to  calculate  TAP.  since  the  TAP  are  sensitive  to 
the  Dg  parameter^ .  Several  favourable  conditions  for  precise 
determination  of  the  Dg  parameter  are  present  in  this  reaction. 
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(1)  Since  both  the  deuteron  and  the  triton  are  prevented  from 
penetrating  into  the  nuciear  interior,  the  transferred  nucleon  wave 
function  can  be  accurately  calculated.  (2)  The  reaction  cross- 
section  Is  small  compared  to  the  elastic  cross  section  due  to  the 
weak  coupling  of  the  channels  at  this  energy  and  therefore  the 
DWBA  calculations  are  insensitive  to  the  optical  model  parameters 
used  in  the  calculations.  (3)  The  reaction  has  a  unique  /  transfer, 
and  its  spectroscopic  factor  is  very  well  predicted  by  the  sd-shell 
model  calculations.  The  results  of  this  analysis  will  be  presented. 

‘Work  supported  in  part  by  the  USDOE  Contract  No.  DE-AS0S.76ER02408 
k.D.Knutson,et  al.  Phy.'.Rev.Lelt  25,1570(1975). 


10:48 

BD  10  Ground-State  Widths  of  ^He  and  ^Lt.  M.J.  BALBES,  L.H. 
KRAMER,  G.  FELDMAN,  H.R.  WELLER,  Duke  University  and 
TUNL.*  DR  TILLEY,  North  Carolina  State  University  and  TUNL* 

-  The  3/2"  ground  states  of  ^He  and  ^Li  are  unbound  to  nucleon  decay 
by  0.89  and  1.97  MeV  respectively.  We  have  measured  the  widths  of 
Aese  states  using  the  ^H(d,Y)5He  and  the  ^He(d,y)5Li  reacdons  at  Ej  = 
8.6  MeV.  The  y  rays  were  detected  at  0(lab)=9O‘’  by  two 
anticoincidence-shielded  25.4  cm  X  25.4  cm  NaI(Tl)  spectrometers.  A 
tritiated  titanium  foil  was  used  to  measure  y  rays  from  ^He  and  a 
gaseous  ^He  target  was  used  to  measure  y  rays  from  ^Li .  The  y-ray 
spectra  were  fit  with  a  convolution  of  the  Nal  lineshape  response 
function,  as  measured  with  the  3H(p,y)'+He  reaction,  and  a 
Breit-Wigner  ,(B-W)  single-level  expression.  With  the  energy 
dependent  shift  function  omitted  from  the  B-W  expression,  the 
"observed''  widths,  rOn=0.71±0.04  MeV  for^He  and  r«p=1.75±0.15 
MeV  for  'Li,  are  consistent  with  previously  accepted  values.^  The 
"proper"  widths,  which  include  the  effects  of  the  energy-dependent 
shift  function,  were  extracted  from  the  spectra  and  found  to  be 
rn=1.36±0.19  MeV  for  ^He,  and  rp=2.44±0.21  MeV  for  ^Li.  If  the 
reduced  widths  for  neutron  decay  of  ^He  and  proton  decay  of  ^Li  are 
equal  (yn^n^^  ihe  ratio  of  the  widths,  Fp/Tn,  is  predicted  to  be 
the  ratio  of  the  penetrabilities,  P(Ep  res)/P(2n  res)  =  Th®  of 
the  "proper"  B-W  widths  is  in  agreement:  rJTn  =  1.791:0.29. 

1)  F.  Ajzenberg-Sclove,  Nuclear  Physics,  A490, 3  (1988) 

♦Partially  supponed  by  USDOE  Contract  no.  DE-AQ)5-76ER01067 


11:00 

BD  1 1  Fmergy- Weighted  Coulomb  .Sum  Rule  for  Mass-3. 

B.  DOYLE  and  B.  GOULARD,  Umversite  de  Montreal* 
and  G.  CORY,  College  Militaire  Roval  de  Saint-.lcan*-We 
focus  on  the  role  of  the  short-range  part  of  the  nucleon- 
nucleon  interaction  in  the  three-nucleon  system  by  calculat¬ 
ing  the  energy- weighted  coulomb  sum  rule  (EWCSR)’.  We 
use  the  bound  state  Faddeev  wavefunctions  to  calculate  the 
EWCSR.  We  find  results  using  the  SSC,  Argonne,  Paris  and 
Bonn  realistic  nucleon-nucleon  interactions. 

•Supported  in  part  by  the  National  Science  and  Engi¬ 
neering  Research  Council  of  Canada. 

'V.R.  Pandharipande,  Nucl  Phys.  A497,  43c  (1989). 


sensitivity  is  the  polarized  photon  asymmetry  which  changes  by  --  10% 
for  a  3%  E2/M1  contribution.  We  conclude  that  the  experimental  er¬ 
rors  are  too  large  at  this  time  to  have  an  accurate  determination  of  the 
resonant  E2  contributron  to  the  N  A  transition.  We  shall  present 
suggesliuits  on  how  to  determine  the  (theoretically  interesting)  resonant 
part  of  the  E2  amplitude  from  future  polarization  experiments. 


SESSION  BE:  THEORY  II:  REACTIONS 
Friday  morning,  26  October  1990 
Room  158,  Loomis  Laboratory  at  9:00 
J,  Vary,  presiding 


9:00 

BE  1  A  Model  for  Large  Cluster  Transfer 
Reactions  Leading  to  Heavy  Actinides. M . T . MAGDA , 
SONY  at  Stony  Brook- —  A  mechanism  is  proposed 
to  describe  transfer  reactions  leading  to 
heavy  actinides,  based  .on  the  assumption  that 
large  clusters  produced  by  projectile  fragmen¬ 
tation  are  captured  as  a  whole  by  the  target 
nucleus.  The  primary  cross  sections  are  cor¬ 
rected  for  neutron  emission  from  the  excited 
nuclei.  Data  obtained  at  LBL  and  GSI  for  the 
Bk-,Cf-,Es-,Fm-,Hd-,No-  and  Lr-isotopes  pro¬ 
duced  in  reactions  induced  by  various  projec¬ 
tiles,  ranging  from  C  to  Ca  are  well  described 
by  the  model. 


9:12 

BE  2  Inverse  Reactions  and  the  Statistical 
Evaporation  Model ;  Ingoino-Wave  Boiindarv-Con- 
dition  and  Optical  Models.  JOHN  M. ALEXANDER, 
H.T. MAGDA, SUMY  at  Stonv  Brook.  S.LANDOWNE, 
Argonne  National  Laboratory.—  The  calcula¬ 
tion  of  transmission  coefficients  for  emitted 
particles  is  fundamental  to  applications  of 
the  statistical  evaporation  model  for  the  de¬ 
cay  of  the  compound  nucleus.  In  this  work  we 
compare  the  usual  type  of  optical  model  calcu¬ 
lation  of  transmission  coefficients  for  neu¬ 
tron, proton, deuteron,  triton  and  alpha  parti¬ 
cles  with  corresponding  ingoing-wave  boundary 
cor  'tion  calculations.  In  the  latter  case  the 
tr.  .ission  coefficients  simply  give  the  pro- 
bab*_ity  for  transmission  through  the  real 
potential  barrier.  This  comparison  highlights 
features  that  are  specific  to  the  optical  mo¬ 
del  such  as  transparency, shape  resonances  and 
peripheral  absorption.  It  also  draws  attention 
to  the  issue  of  whether  simple  barrier  trans¬ 
mission  coefficients  are  more  appropriate  for 
use  in  the  statistical  evaporation  model. 


11:12 

BD  12  How  Accurate  is  the  Dctcrmindlion  of  thr  K2  Amnlitude  in  tbc 
Nrv.z-IA  Reaction?  A  M  BERNSTEIN,  MIT,  R  BECK,  Univ  oflL, 
T.  S.  II.  LEE,  ANL,  S.  NOZAWA,  TRIUMF.  -  -  -  Our  only  experimental 
information  on  the  E2/M1  ratio  in  the  A  -»  A  electromagnetic  excita¬ 
tion  in  from  multipole  analysis  of  the  iV(7,  zr )  reaction.  Its  determination 
IS  made  difficult  by  the  dominance  of  the  Ml  amplitude  and  because  the 
E2  amplitude  has  both  resonant  and  nun-rcsonanl  contributions.  The 
particle  data  group  quote  the  value  of  1.3  i  .0%  but  values  varying 
from  0  to  5%  have  been  obtained  from  the  same  data  set  indicating  a 
large  model  dependence.  There  has  b^en  no  specific  study  of  the  sensi 
tivity  of  the  observables  (dilfcrcntial  cross  sections  and  polarizations)  to 
the  magnitude  of  the  E2  amplitude.  We  have  performed  calculations  to 
study  this  sensitivity  using  the  model  of  Nozawa,  Blanklcidcr  and  Lee 
for  the  A  (7,x)  reaction.  Most  of  the  observables,  including  the  differ¬ 
ential  cross  section,  arc  insensitive  to  the  E2  contribution.  The  largest 


9:24 

BE  3  Glauber  Calculations  For  The  Elastic  Scattering  Of 
Radioactive  Nuclei  H.N.  Chehime*,U.  Wisconsin-Madison.  Stim¬ 
ulated  by  recent  experimental  results  on  .radioactive  weakly 
bound  systems  like.**Li,  a  Glauber  approximation  was  used  to 
calculate  the  clastic  cross  section  for  at  E/A  =  85AfeV . 

The"  Glauber  calculations  have  shown  some  agreement  with  fold¬ 
ing  model  optical  calculations.  Contrary  to  expectations,  the 
weakly  bound  di-neutron  halo  in  had  no  significant  effect 
on  the  cross  section.  The  Glauber  calculations  show  an  enhance¬ 
ment  of  the  far-  side  component  of  the  clastic  cross  section  when 
compared  with  -t-'^  C  thus  implying  a  more  refractive  nature 
in  the  weakly  bound  system  which  can’t  be  simply  explained  by 
the  di-neutron  halo. 

•Research  supported  in  part  by  the  National  Science  Foundation. 
1.  I.  Tanihala  ct  al.,Nucl.  Phys.  A488  (1988)  113c. 
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9;36 

BE  4  The  Laiigevin  Equation  Description  of  Nuclear  Fission 
NEIL  L  ROETH*,  U.  Wisconsin  Madison  The  Langevin  equa 
lion  description  has  been  applied  to  nuclear  fission.  The  input  to 
this  description  is  a  temperature,  a  friction/fluctuation  parame¬ 
ter,  an  initial  configuration,  and  a  choice  of  suitable  coordinates. 
If  the  coordinates  are  the  elongation  and  mass  asymmetry,  the 
output  from  this  description  will  include  fission  rates  as  a  function 
of  time,  and  mass  distributions.  This  choice  of  coordinates  also 
leads  to  coordinate  dependent  inertial,  friction,  and  fluctuation 
terms  in  the  equations.  Two  aspects  of  the  numerical  solution  of 
the  Langevin  equation  have  been  studied  and  evaluated  for  effi¬ 
ciency  and  accuracy:  integration  schemes  higher  than  first  order, 
and  a  variety  of  random  number  generators.  The  Langevin  equa¬ 
tion  is  a  stochastic  differential  equation.  Higher  order  schemes  for 
stochastic  differential  equations  can  be  derived  by  the  same  pro¬ 
cedure  used  for  ordinary  differential  equations,  but  the  stochastic 
term  severely  limits  the  attainable  efficiency.  The  accuracy  of  the 
results  is  highly  dependent  on  the  uniformity  and  period  of  the 
random  number  generator. 

'Research  supported  m  part  by  the  Nation.al  Science  Foundation. 


9:48 

BE  5  Coulomb  Effects  in  Proton-Nucleus  Elastic  Scattering.! 
C.R.  CHINN,  Physics  Dent..  LLNL.  CH.  ELSTER,  Dept,  of 
Physics.  Ohio  State  Univ.  and  R.M.  THALER,  Theory  Diy.. 
LANL  and  Case  Western  Reserye  Uniy.  —  The  recently  propos¬ 
ed  exact  method  for  the  momentum  space  calculation  of  a  charged 
particle  scattering  from  a  combined  Coulomb  and  short-range 
potential*  has  been  implemented  into  the  WIZARD  program*  for 
the  case  of  elastic  proton-nucleus  scattering.  The  short-ranged 
potential  used  will  bo  the  first-order  KMT  Impulse  approxima¬ 
tion*.  The  adaptation  of  the  KMT  prescription  to  include  the 
Coulomb  interaction  will  be  discussed.  Numerical  results  for 
angular  distributions  and  spin-observables  for  protons  scattered 
from  various  target  nuclei  at  incident  energies  from  200  to  800 
MeV  will  be  presented.  These  results  will  also  be  compared  with 
previous  approximations  to  the  Coulomb  distortions  and  their 
conclusions  will  be  reexamined. 

^  Research  supported  in  part  by  the  Department  of  Energy. 

*Ch'.  Elster,  L.C.  Liu,  R.M.  Thaler,  Sub.  to  Phys.  Rev.  C 
*A.  Picklesimer,  P.C.  Tandy,  R.M.  Thaler,  and  D.H.  Wolfe,  Phys. 
Rev.  C  30  (1984),  2225. 


10:00 

BE  6  The  Ouasi-molecular  State  and  the  Nature  of  N-N 
Interaction  in  Heavy  Ion  Collisions.  Y.  R.  WAGHMARE, 
Indian  Institute  of  Technologv—Heavv  ion  fusion  reactions 
using  classical  and  semi-classical  approaches  are  considered. 
Dependence  of  fusion  aoss  sections  on  the  nature  of  the 
effective  N-N  interaction  is  investigated.  It  is  observed  that 
the  CTOss  sections  are  sensitive  to  the  long  range  part  of  the 
interaction.  Reactions  involving  *2c  and  ‘•^Ca  nuclei 
are  considered.  In  the  classical  approach  the  concept  of  a 
nucleon  consisting  of  "partons"  is  used  to  simulate  Pauli 
principle.  Good  agreements  are  obtained  between  theory 
and  experiment. 


10:12 

BE  7  Description  of  Nuclear  Structure  Effects  in 
Fusion  by  the  Interacting  Boson  Model  J.  BENNETT  and 
A.B.  BALANTEKIN',  U.  Wisconsin  Madison.  One  commonly 


utilized  approximation  to  the  multidimensional  barrier  penetra¬ 
tion  problem  in  fusion  reactions  below  the  Coulomb  barrier  is  the 
sudden  approximation,  in  which  the  internal  degree  of  freedom 
is  assumed  to  have  a  degenerate  spectrum.  So  far  attempts  to 
incorporate  nuclear  structure  effects  in  the  description  of  subbar¬ 
rier  fusion  via  the  sudden  approximation  used  the  geometrical 
model  of  Bohr  and  Mottelson  or  its  simplifications.  In  this  talk  a 
preliminary  report  on  the  use  of  the  Interacting  Boson  Model  to 
describe  nuclear  structure  effects  is  presented. 

‘Research  supported  m  part  by  the  University  of  Wisconsin  Re¬ 
search  Committee  with  funds  granted  by  the  Wisconsin  Alumni 
Research  Foundation  and  in  part  by  the  National  Science  Foun¬ 
dation. 


10:24 

BE  8  Effeciivc  Poienlials  for  Deuleron-Nucleus  Scattering  from  a  Poincare 
Invariant  Relativistic  Wave  Eoualfon*.  V.K.  MISHRA,  Kent  State  Univ- 
Reccmly  a  new  class  of  higher  spin  relativistic  wave  equation  based  on  Poincard 
invariance  has  become  available.'  These  give  causal  and  well-behaved  solutions 
for  arbitraiy  spin  Coulomb  scattering.  We  investigate  the  spin-one  equation  in 
external  vector  and  scalar  potentials  and  derive  the  effective  potentials  for 
dcutcron-nucicus  scattering.  Comparison  with  traditional  spinKine  equations 
like  KDP,  Proca  and  Weinberg  will  also  be  presented. 

1.  W.I.  Fushchieh,  A.G.  Nikitin  and  W.M.  Susioparow,  Nuovo  Cimento 
87A.  415  (1985). 

•Work  supported  by  National  Science  Foundation. 


10:36 

BE  9  Structure  of  Exotic  Nuclei.  A.  SUSTICH  MSUJISCL* 
-  The  structure  of  exotic  nuclei  is  studied  by  examing  the  reaction 
and  breakup  cross  sections  for  secondary  beams  of  these  nuclei  on  a 
variety  of  targets.  A  new  diffractive  eikonal  model  has  been  devel¬ 
oped  to  calculate  the  nuclear  reaction  and  breakup  cross  sections. 
We  examine  reactions  involving  exotic  projectiles  at  790  MeV/A. 
Fundamental  differences  ace  observed  in  the  behavior  of  these  cross 
sections  compared  to  those  for  more  stable  nuclei. 

*  Work  supported  by  the  National  Science  Foundation  under  Grant 
PHY-8714432. 

10:48 

BE  10  Effects  of  Distortions  in  the  (N,N'7r)  REACTION. 

R.  MEHRBM,  J.T.  LONDERGAN,  and  G.  E.  WALKER, 
Nuclear  Theory  Center,  Indiana  U.* —  Results  for  the  distorted 
wave  calculations  of  the  exclusive  reaction  *®0(p,p'7r‘'')**IV*  , 
using  an  isobar  dominated  microscopic  model,  will  be  presented 
and  compared  with  earlier  plane  wave  calculations.*  The 
distorted  waves  are  taken  as  a  superposition  of  plane  waves 
with  the  coefficients  obtained  from  experimental  input.  The 
significance  of  the  intermediate  pion  self  energy  will  also  be 
discussed. 

•Supported  by  the  NSF. 

*  R.  Mehrem,  J.T.  Londergan  and  G.B.  Walker,  Bull.  Am.  Soc. 
35,  1019(1980). 

11:00 

BE  11  Microscopic  Calculations  of  the  *°^Pb-*°*Pb  Svstcm.l 
J.F.  BERGER',  C.R.  CHINN,  and  M.S.  WEISS,  Physics  Dept.. 
l.awrcnt.c  Livermore  National  Laboratory  —  Static  simulations 
of  the  toHislon  of  two  *'''’Pb  nuclei  have  been  performed  using  a 
constrained  Hartrce-Fock-Bogolyubov  calculation.  Preliminary 
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results  of  the  20®pb-*®®Pb  system  contain  vi.riations  of  the  fusion 
and  fission  sequences  found  in  a  previous  calculation! 

Indications  are  that  in  light  of  anomalous  pair  production 
discussions,  the  system  may  produce  a  very  differ¬ 

ent  situation.  These  calculations  are  being  examined  in  detail. 
Results  and  conclusions  will  be  presented. 


^  Research  supported  in  part  by  the  Department  of  Energy. 

*  Permanent  address.  Service  dc  Physique  et  Techniques  Nu- 
cMaire,  Commissariat  a  I’Energie  Atomique  Bruy6res-le-Chatel, 
France. 

’  J.F.  Berger,  J.D.  Anderson,  P.  Bonchc  and  M.S.  Weiss,  To  be 
Published  in  Phys.  Rev.  C. 


INVITED  SESSION  CA:  NEW  IDEAS  ON  OLD  PROBLEMS 

Friday  afternoon,  26  October  1990;  Boom  141,  Loomis  Laboratory  at  13t30;  B.  Clark,  presiding 


13:30 

CA  1  Chaos  in  Nuclei?  G.  E.  MITCHELL,  North  Carolina  Slate  University. 


Searches  for  quantum  systems  which  display  chaotic  behavior  have  renewed  interest  in  stadsdcal  nuclear  spectroscopy. 
Bohigas,  Giannoni  and  Schrait*  conjectuted  that  quanmm  analogs  of  classically  chaodc  systems  display  fluemadon 
properdes  which  coincide  with  the  prediedons  of  the  Gaussian  orthogonal  ensemble  (GOE)  of  random  matrix  theoi;’. 

This  suggests  that  the  fluctuadon  properdes  of  nuclear  levels  may  be  used  as  a  signature  for  chaos  or  regulariw.  High 
quality  nuclear  resonance  data  display  the  long  and  short  range  order  predicted  by  GOE.^  For  one  nucleus,  all 

levels  are  known  from  the  ground  state  to  the  resonance  region.  Analysis  of  the  first  100  positive  parity  states  suggests 
that  the  fluctuadon  properdes  lie  between  the  GOE  and  Poisson  limits  and  are  independent  of  excitation  energy .3.4 
Although  there  is  no  other  data  set  of  sufficient  quality  to  permit  such  analysis  in  a  single  nuclide,  there  are  r..any  nuclides 
whose  level  schemes  are  complete  over  a  more  limited  range  of  energies.^  Our  analysis  of  a  larger  data  set  (160 
sequences  of  levels  in  60  nuclides)  shows  a  strong  dependence  on  the  mass  number  A,  with  suggestions  of  effects  due  to 
spin  and  deformation. 

*Supported  in  part  by  US  Dep^ment  of  Energy,  Office  of  High  Energy  and  Nuclear  Physics  (Grant  No. 
DE-FG05-88ER40441). 

*0.  Bohigas  et  al.,  Phys.  Rev.  Lett.  52, 1  (1984). 

2r.  U.  Haq  et  al.,  Phys.  Rev.  Lett.  1086  (1982). 

3G.  E.  Mitchell  et  al.,  Phys.  Rev.  Lett.  M.  1473  (1988). 

4J.  F.  Shriner,  Jr.  et  al.,  Z.  Phys.  A  225. 393  (1990). 

5t.  von  Egidy  etal.,  Nucl.  Phys.  km,  109  (1986);  Nucl.  Phys.  A^  189  (1988). 


14:06 

CA  2  Probing  Neutron  Structure  Via  Polarized  Electron-Polarized  ’He  Scattering.*  TIMOTHY  E.  CHUPP,  Harvard. 


3 

Experiments  scattering  polarized  electrons  from  polarized  Be  at  the  quasl-elastlc  peak  and  In 
deep  Inelastic  scattering  provide  new  probes  of  neutron  structure.  At  the  quasl-elastlc  peak, 
the  spin  dependence  Is  predominantly  due  to  scattering  from  the  neutron  whoso  polarization  ac- 

3 

cording  to  a  Feddeev  calculation  Is  87Z  In  the  He  ground  state.  Vlth  the  proper  choice  of 
target  spin  orientation  the  neutron's  elastic  electric  form  factor  can  be  extracted.  In  deep 
Inelastic  scattering,,  the  previously  unmeasured  spin  dependent  structure  function  of  the  neutron 
can  be  measured.  The  deep  Inelastic  data  will  complement  the  data  on  the  proton  and  test  the 
Bjorken  sum  rule  and  models  of  the  nucleons.  Ongoing  experiments  at  Bates,  Including  those 
3  '  ■ 

employing  a  high  density  Be  target  based  on  spin  exchange  vlth  laser  optically  pumped  Rb,  have 
extracted  asymmetries  In  quaslelastlc  scattering.  An  approved  experiment  at  SLAG  will  measure 

3  3 

deep  Inelastic  scattering  from  a  fixed,  high  density  He  target.  The  high  density  He  target 
20  2 

has  a  thickness  of  4x10  nuclel/co  and  attained  polarization  greater  than  40Z.  The  oolarlza- 
tlon  was  not  noticeably  affected  by  up  to  22  pampere  of  574  HeV  electrons. 

♦This  work  was  supported  by  the  National  Science  Foundation  and  the  DOE. 


14:42 

CA  3  Rcsoiution  of  the  ( y.pi/ly.n)  Ratio  Problem  in  '*Hc.*  H.  R.  WELLER,  Duke  University. 


Previous  experimental  work  on  4He  appeared  to  have  established  a  ratio  Ry  =  a(Y,p)/a(Y,n)  of  1.7-to- 1.2  for  Ey  =  25-35 
McV.  Most  theoretical  efforts  to  account  for  this  ratio  have  failed,  and  those  which  succeed  were  erroneous  or  seem 
unphysical.’  A  recent  measurement  of  the  (Y,p)  cross  section  on  4He  using  monoenergetic  photons  gives  a  smaller  cross 
section  than  before  and  produces  a  ratio  of  1.0 1  ±  0.06  for  Ey = 28.6  -  42.4  McV.2  We  have  remeasured  the  3K(p,YyHe 


Vol.  35,  No.  8  (1990) 


1662 


Friday  Afternoon 


cross  section  in  an  effort  to  provide  independent  confirmation  of  this  result.  Our  results  confirm  these  new  (y.p)  cross 
sections  and  produce  a  ratio  consistent  with  conventional  theoretical  predictions,  although  the  new  (y.p)  absolute  cross 
sections  are  not  reproduced  by  these  calculations.  Other  recent  related  experiments  and  theoretical  calculations  will  be 
reviewed. 

‘Work  supported  in  part  by  US  Department  of  Energy,  Office  of  High  Energy  and  Nuclear  Physics,  Contract  No. 
DE-AC05-76ER01067. 

U.  R.  Calarco,  B.  L.  Berman  and  T.  W.  Donnelly,  Phys.  Rev.  022. 1866  (1983). 

2r.  Bemabei  et  ai,  Phys.  Rev.  C38. 1990  (1988). 


15:18 

CA  4  New  Views  of  the  (e,e'p)  Knockout  Reaction.  A.  MAGNON,  C.E.N.  de  Saclay,  France. 


A  systematic  study  of  the  (e,e'p)  reaction  on  H,  He,  He,  and  Ca,  in  which  the  magnetic  and 
coulomb  structure  functions  are  determined,  is  ending  at  Saclay.  Momentum  transfers,  q,  up  to 
0.85  GeV/c  at  recoil  momenta,  pr,  in  the  quasi  elastic  regime  were  probed.  It  will  be  shown 
that,  within  the  limits  of  validity  of  the  impulse  approximation,  the  q-dependence  provides  a 
direct  test  of  'nucleon  swelling*  effects.  Anomalies  in  the  coulomb/magnetic  responses  relative 
to  theory  and  to  similar  effects  in  the  inclusive  (e,e’p)  reaction  will  be  discussed.  Data 
showing  nucleon  pair  correlations  at  pr  beyond  the  mean  field  region  will  also  be  shown. 


SESSION  CB:  INTERMEDIATE  ENERGY 
HEAVY-ION  REACTIONS 
Friday  afternoon,  26  October  1990 
Room  151,  Loomis  Laboratory  at  13:30 
G.  Westfall,  presiding 


13:30 

CB  1  Studies  of  Non-Equilibrium  Eiectiles  in  Coincidence 
with  Angie-Correlated  Fission  Fragments.  D.E.  FIELDS,  J.L 
WILE,  K.  KWIATKOWSKI,  K.B.  MORLEY,  E.  RENSHAW, 
SJ.  YENNELLO,  AND  V.E.  VIOLA,  Indiana  University  and 
R.G.  KORTELING,  Simon  Fra,ser  University-  -  Light-charged 
particle  (LCP)  and  intermediate-mass  fragment  (IMF)  spectra 
have  been  measured  in  coincidencewith  angle-correlated  fission 
fragments  in  the  270-MeV  ^He  +  reaction.  The  position, 
energy  and  mass  of  coincident  fission  fragments  are  used  to 
determine  the  linear  momentum  transfer  and  excitation  energy 
associated  with  the  emitting  sources  of  the  LPCs  and  IMFs. 
Mass-  and  charge-identified  IMFs  were  detected  at  several 
angles  between  20°  and  160°.  Backward-angle  LCPs  were 
detected  for  protons  up  to  70  MeV. 

'Research  supported  by  the  NSF,  and  the  U.S.  Department  of 
Energy. 

13:42 

CB  2  Evidence  for  an  IMF  Production  Mechanism  Change  in 
Intermediate  Energy  *‘*N  t  "^‘Ag.Au  Collisions.  J.L  \^aLE! 
D.E.  FIELDS,  SJ.  YENNELLO,  V.E.  VIOLA,  K.KWIATKOW- 
SKI,  LW.  WOO,  K.  .MORLEY,  E.  RENSHAW,  Indiana 
University  Cyclotron  Facility.  R.l.  DESOUZA,  C.K.  GELBKE, 
W.G.  LYNCH,  M.B.  TSANG,  W.G.  GONG,  H.M.  XU,  and  N. 
CARLIN,  MSU  NSCL-Inclusive  intermediate  ma,ss  fragment 
(IMF)  measurements  have  been  performed  on  the  ^^N  +  “‘Ag, 
Au  systems  at  seven  bombarding  energies  ranging  from  E/A  = 
20  -100  MeV.  Excitation  functions,  energy  spectra,  and  angular 
distributions  for  IMPs  were  studied  systematically  over  the 
entire  energy  range.  An  enhancement  in  heavy  (Z>8)  IMF 
production  was  observed  in  the  encr^  range  of  E/A  =  60-80 
MeV  for  the  ^“^N  -k  "”Ag  reaction,  indicating  a  change  in  the 
IMF  production  mechanisms  for  this  projectile-target  combina¬ 
tion.  This  result,  as  well  as  the  relative  abundance  of  isotopes 
at  forward  angles,  will  be  compared  to  the  '“'N  +  '""Au  system. 

Research  partially  supported  by  the  US  Department  of  Energy 
and  the  NSF 


CB3  Search  for  Multifraementation  Near  Threshold  in  the^He 
+  Ag  Reaction.  SJ.  YENNELLO,  K.  KWIATKOWSKI,  N.R. 
YODER,  J.L.  WILE  AND  V.E.  VIOLA,  Indiana  University. 
E.C.  POLLACCO,  C.  VOLANT,  R.  DAYRAS,  Y.  CASSAG- 
NOU  AND  R.  LEGRAIN,  DPhN/SEPN  Saclay,  FRANCE,  and 
E.  NORBECK,  University  of  Iowa  ~  An  array  of  36  large  solid- 
angle  detector  telescopes  has  been  employed  to  study  multifrag- 
raentation  events  in  the  %e  +  Ag  reaction  at  900  MeV  and  3.6 
GeV  at  the  SATURNE  II  accelerator.  The  inclusive  angular 
distributions,  energy  spectra  and  charge  distributions  for  complex 
fragments  (Z  >  2)  undergo  a  change  in  character  betweeh  the 
two  bombarding  energies.  Fragment  multiplicities  are  found  to 
be  larger  for  the  higher-energy  data.  The  dependence  of  the 
fragment  kinetic  energy  spectra  and  chmge  distribution  on 
multiplicity  will  be  examined.  Simulations  based  on  multifrag- 
mentation  models  will  be  compared  with  the  data. 

‘Research  partially  supported  by  the  US  Department  of  Energy 
and  the  NSF. 


14:06 

CB4  Observation  of  a  Minimum  In  Collective  Flow  for 
ArtV  Collisions.  D.  KROFCHECK,  D.A.  CEBRA,  H.  CRONQVIST, 
R.  LACEY,  T.  LI,  A.  VANDER  HOLEN,  K.  TYSON,  G.D. 
WESTFALL,  W.K.  WILSON,  NSCL.  Michigan  State  U..  A. 
NADASEN,  Only,  of  HlchlRan-Dearborn.  E.  NORBECK,  Only,  of 
iowa.  • — We  have  added  a  new  measurement  at  (E/A)=10O  MeV 
to  our  previous  excitation  function  for  collective  flow 
of  light  fragments  from  Ar+V  collisions.  The  previous 
excitation  function  showed  that  flow  decreased  as  the 
beam  energy  was  raised  from  (E/A)=45  to  85  MeV:  This 
provided  hints  to  the  beam  energy  at  which  flow  disap¬ 
peared  for  this  system,  but  the  lack  of  measurei::ents  at 
higher  beam  energies  preeluded  the  observation  of  the 
reappearance  of  flow.  At  a  beam  energy  of  (E/A)=100  MeV 
the  flow  has  reappeared  and  this  allows  an  experimental 
determination  of  the  region  where  attractive  scattering 
balances  with  repulsive  scattering  for  these  collisions. 

"  Work  supported  in  part  by  the  National  Science 
Foundation  under  Grant  No.  PHY86-11210. 


14:18 

CB  5  Azimuthal  Distributions  In  Ar+V  Collisions  From 
E/A=35  To  100  MeV  W.K.  WILSOT',  W.  BENENSON,  D.A.  CEBRA, 
J.  CLAYTON,  H.  CRONQVIST,  S.  HOWDE.*),  J.  KARN,  R.  LACEY, 
T.  LI,  C.A.  OGILVIE,  A.  VANDER  HOLEN,  A.  NADASEN,  G.' . 


Vol.  35,  No.  8  (1990) 


1663 


Friday  Afternoon 


WESTFALL,  J.S.  WINFIELD,  AND  B.  YOUNG,  NSCL.  HichlKan 
State  U.* — Azimuthal  distributions  of  fragments  with 
respect  to  the  reaction  plane  are  studied  as  a  function 
of  beam  energy  using  the  MSU  4ii  Array  in  central  and 
peripheral  collisons.  For  near  central  events,  a  new 
method  of  reaction  plane  determination  using  azimuthal 
correlations  is  introduced.  Light  charged  particles  are 
found  to  exhibit  an  enhanced  emission  in  the  reaction 
plane  which  increases  with  the  mass  of  the  observed  par¬ 
ticle.  As  the  beam  energy  is  increased  the  asymmetry 
nearly  disappears.  Possible  mechanisms  behind  the  asym¬ 
metry  ,  such  as  rotational  collective  motion  and  directed 
transverse  momentum,  will  be  discussed.  Use  of  a 
proJectile-like  fragment  to  determine  the  reaction  plane 
for  peripheral  collisions  is  explored. 

»  Work  supported  in  part  by  the  National  Science 
Foundation  under  Grant  No.  PHY86-11210. 


14:30 

CB6  Excited  State  Populations  for  Fragments  Produced 
In  MIe-fAg  Reactions  at  200  MeV  .  F.ZHU,  W.G. LYNCH, 
T.HURAKAMI,  C.K.CELBKE,  Y.D.KIM,  T.K.NAYAK  ,R.PELAK, 
H.H.XU,  M.B.TSANG,  NSCL.  Michigan  State  U.  »,  D.E. FIELDS, 
K.KWIATKOWSKI,  R.PLANETA,  S.ROSE,  V. VIOLA,  L.W.WOO, 
S.YENNELLO,  J. ZHANG,  lUCF,  Indiana  U.  —We  have  measured 
excited  state  populations  for  fragments  produced  In 
*He+Ag  reactions  at  200  MeV.  Measurements  were  performed 
with  a  position  sensitive  hodoscope  both  at  forward 
angles,  where  non  equilibrium  processes  are  dominant,  and 
at  backward  angles,  where  contributions  from  compound 
processes  are  important.  The  excited  state  populations 
for  forward  and  backward  angles  will  be  compared  to  il¬ 
lustrate  how  these  measurements  depend  on  the  reaction 
mechanism.  He  will  also  compare  the  results  with  the  pre¬ 
vious  measurements  using  heavier  beams. 

»  Work  supported  in  part  by  the  National  Science 
Foundation  under  Grant  No.  PHY86-11210. 


CB7  Hultlfragment  decays  in  the  reaction  ^'Au  -i-  Ar 
at  E/A  =  35  MeV— R.T.  DESOUZA,  Y.D.  KIM,  D.R.  BOWMAN, N. 
CARLIN,  C.K.  GELBKE,  W.G.  LYNCH,  L.  PHAIR,  H.B.  TSANG. 
NSCL.  Michigan  State  U.* — Multifragment  decay  in  the 
reaction  ^^^Au  +  ^^Ar  at  E/A  =  35  MeV  has  been  studied 
with  the  Hiniball,  a  new  detector  array.  Elemental 
distributions  from  Z:1  to  Z=18,  as  well  as  isotopic  dis¬ 
tributions  for  hydrogen  and  helium  have  been  measured. 
The  average  multiplicity  for  non-peripheral  events  is 
eleven.  Strong  correlations  between  multiplicity  and 
fragment  distributions  is  observed.  Initial  results  will 
be  presented. 

*  Work  supported  in  part  by  the  National  Science 
Foundation  under  Grant  No.  PHY86-11210. 


14:54 

CB  8  In  tens  1 1 V- int erfcromet r 1 c  test  of  nuclear 
collision  geometrtes  obtained  from  the  Boltemann-UehUng- 
Uhlenbeck  equation.  W.G.  GONG,  C.K.  GELBKE,  W.  BAUER, 
R.T.  DE  SOUZA,  Y.D.  KIM,  W.G.  LYNCH,  D.  SANDERSON,  M.B. 
TSANG,  H.M.  XU,  MSU-HSCL.  N.  CARLIN,  U.  de  Sao  Paulo.  T. 
MURAKAMI,  Kyoto  U. ■  G.  POGGI,  INFN.  S.  PRATT,  0^ 
Wisconsin.  D.E.  FIELDS,  K.  KHIATKOHSKl,  R.  PLANETA,  V.E. 
VIOLA,  JR.,  S.J.  YENNELLO,  lUCF.— The  dependence  of  two- 
proton  correlation  functions  on  the  total  momentum  of  the 
emitted  proton  pairs  was  measured,  with  good  statistics, 


for  the  reactions  "•N+'’A1  and  ''N+'”Au  at  E/A=75  MeV. 
These  data  are  compared  to  correlation  functions 
predicted  for  collision  geometries  obtained  from 
numerical  solutions  of  the  Boltzraann-Uehling-Uhlenbeck 
equation.  The  calculations  reproduce  the  order  of 
magnitude  of  the  experimental  correlation  functions,  but 
some  discrepancies  remain.  The  sensitivity  of  the 
calculated  correla'tion  functions  to  the  in-medium 
nucleon-nucleon  cross  section  and  the  equation  of  state 
will  be  discussed. 


IJMU  ,  „ 

CB9  Neutron  Spectra  from  '^"ArtAg  at  E/36=35  MeV.  D. 
Sackett,  A.  Galonsky,  K.  Gelbke,  H.  Hama,  L.  Heilbronn, 
D.  Krofcheok,  W.  Lynch,  B.  Tsang,  X.  Yang,  NSCL,  Michigan 
State  U. — F.  Deak,  A.  Horvath,  A.  Kiss,  Z.  Seres 
Budapest:  J.  Kasagi,  Tokyo  Inst.  Tech.,  T.  Murakami, 
Kyoto  U. .  H.  Schelin,  CTA,  Brazil.  He  have  detected 
neutrons  at  angles  of  15,  30,  ^15,  60,  90,  120,  and  160°. 
The  energies  were  determined  by  measuring  the  neutron's 
time  of  flight,  and  neutron  events  were  distinguished 
from  gamna-ray  events  with  a  two-dimensional  pulse  shape 
discrimination  technique.  A  moving  source  analysis  of 
the  neutron  spectra  will  be  presented. 

*  Work  supported  in  part  by  the  National  Science 
Foundation  under  Grant  Nos.  PHY89-13815  and  INT86- 
17863  and  by  the  Hungarian  Academy  of  Sciences. 


15:18 

CB  10  Tsotonc  Tdcnciflcaclon  of  bro.ikup  fragments 
.1C  70  to  110  HeV.*"  s.i.  PADALINO.  S.  LASSELL  and  D. 
CIGNA,  State  University  of  New  York  at  Genoseo  and  L.C. 
DENNIS,  M.  TIEDE  and  R.  ZINGARELLI,  Florida  State  U.-- 
Racios  of  carbon,  nitrogen  and  oxygen  isotopes  have  been 
measured  at  several  bombarding  energies  from  70  to  110 
MeV  in  the  '*0  +  *'A1,  and  **0  +  **Si  reactions.  A  TOF 
plus  DE-E  system  was  used  to  detect  energy,  mass  and 
charge  of  ejectiles  equal  to  or  lighter  than  Che 
projectile's  mass.  An  unexpected  fluctuation  in  the  ‘*N 
to  Nitrogen  isotope  ratio  was  observed  as  a  function  of 
energy,  while  over  the  same  energy  range  the  to 
Carbon  ratio  dropped  nonotonically  in  *®0  +  *^A1 
reaction. 

*This  work  was  supported  in  part  by  a  grant  from  the 
National  Science  Foundation. 
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13:30 

CC  1  Fast  Timing  Properties  of  Scintillating  Fibers.* 

M.  GAI  and  S.  SEN,  Yale  University-Experiments  involving 
scintillating  fiber  detectors  such  as  the  Yale  tandem  parity 
experiment,  the  CEBAF-CLAS  start  detector,  the  BNL-AGS  search  for 
strange  matter,  and  the  BNL  g-2  experiment  require  good  time 
resolution.  We  have  studied  the  timing  characteristics  of  0.976  MeV 
clccu’ons  traversing  a  single  fiber,  a  fiber  bundle  (up  to  three  fibers 
across;,  and  a  fiber  block  in  coincidence  with  a  fast  (BC422} 
scintillaioi.  The  time  resolution  kOuId  be  charactcr.zcd  as. 
FWHM=t/VN  with  t  the  phototube's  nsc  time  and  N  the  number  of 
pboioclcctrons.  We  obtain  a  time  resolution  as  good  as  o=250  pscc 
using  fibers.  Several  different  phototubes  were  used  with  Bicron 
BCIO  fibers.  The  results  obtained  will  be  discussed  together  with  a 
suggestion  for  a  readout  system,  currently  under  development  at  Yale, 
that  will  allow  for  both  goal  timing  and  good  x  y  position. 

'Supported  by  USDOE  Contract  No.  DE-AC02-76ER  03074 
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13:42 

CC :  Impurity  Measurements  in  a  High  Pressure  Xenon 
Ionization  Chamber.*  J  GERM.^N1,  C  LEVIN,  J  MARKEY, 
Yale  University--A  3  liter  Xc  gas  ionization  chamber,  operating  near 
the  critical  point  of  Xe,  has  been  run  at  a  density  of  .85  g/cm^. 
Ionization  from  a  conversion  electron  source  has  been  drifted 
over  2.1  and  6.8  cm.  By  comparing  the  charge  collected  from  these 
two  drift  distances  at  the  same  electric  field  strength  a  measurement  of 
the  elecnon  attenuation  length  was  made.  From  this  an  impurity 
concentration  of  about  2  ppb  oxygen  equivalent  was  found. 
Measurements  have  also  been  made  on  cosmic  ray  muons  traversing 
these  drift  distances.  In  this  case  digitized  pulses  can  be  fit  to 
determine  tlie  impurity  concentration.  This  detector  is  being  developed 
for  .1  '’^'’Xc  double  beta  decay  e.xpenment,  but  could  also  be  useful  in 
gamma  ray  astronomy  and  nuclear  gamma  ray  spectroscopy. 

*\Vork  supported  by  USDOE  Contract  No.  DE  AC02  76ER03074. 


13:54 

CC3 

Monte  Carlo  Simulation  of  Electron  Trajectories  from 
»36xe  Ov  PP  Decay.*  C.  LEVIN,  J.  GERMAN!,  J.  MARKEY, 
Yale  University-  In  ’^^’Xe  Ov  pp  decay  the  single  electron  energy 
distributions  Will  be  different  depending  on  whether  or  not  nghi- 
handed  currents  contnbute.  A  Monte  Carlo  calcuhation  was  developed 
to  simulate  electron  trajectories  in  a  high  pressure  gaseous  xenon 
lOHizatiun  chamber.  Bremssuahlung  and  delta  electron  production 
effects  are  included  and  are  found  to  have  a  significant  effect  on  the 
charge  deposition  in  the  detector.  By  requiring  clechon  tracks  to  be 
contiguous  and  localized,  it  is  found  that  the  efficiency  of  detecting  Ov 
double  beta  decay  depends  on  whether  right-handed  currents  arc 

No.  DE-AC02-76ER-03074 


present. 

‘Supponed  by  USDOE  Contract 


MeV  neutron  energy,  and  pulse  height  resolution  of  ~  15%  for  1.33 
MeV’  gam.Tia  rays  have  been  measured^).  Crosstalk  measurements 
from  neutron  scattenng  between  nearest  and  next  nearest  neighbors  will 
be  presented. 

1)  S.  Pai  et  al.,  Nucl.  Inst,  and  Meth.  A278  (1989)  749. 

2)  FOMsFWHM(Y)/Pcak  Separation 

3)  M.  Gai  et  al..  Nature  340  (6  July  1989)  29. 

*Supponed  by  USDOE  Contract  No.  DE-AC02-76ER-03074. 


14:30 

J.C 

B.M.SHERRILl,  and  A.F.ZELLER.  Michigan  StalB  UnlvBrsItv-The  NSCL  Phase 
II  beamlines  are  arranged  to  deliver  beam  from  either  the  K500  or  K1200 
superconducting  cyclotrons  to  any  of  the  Phase  II  experimental  vaults.  Since 
the  rigidity  of  the  beams  can  be  up  to  1.6  GeV/c  and  the  building  Is  relativoly 
small,  superconducting  quadnipoles  were  designed  and  built  for  these 
beamlines.  Superconducting  switching  magnets  are  also  being  used.  The 
systemcurrentlyunderconstnictlon  indudesZI  quadmpoledoublets,2triplets, 
arxl  9  dipoles.  These  magnets  were  designed  to  be  cost  efficient  in  both 
construction  and  operation.  The  magnet  cryostats,  which  operate  in  a 
batch-filled  mode,  are  all  plumbed  to  a  central  liquid  helium  and  liquid  nitrogen 
distribution  system  with  the  cryogen  transfers  being  computer  controlled;  the 
boSoff  rates  of  individual  magnet  cryostats  which  were  designed  to  provide  just 
enough  cold  gas  to  cool  the  leads  are  0.2-0.5  I/hr,  so  that  Including  transfer 
fosses  the  complete  beamllne  system  wrill  use  about  10-15%  of  the  helium 
iiquifler  capacity.  The  quadiupdes  operate  at  a  peak  current  of  20  amps  and 
the  dipoles  at  80  amps  A  short  prototype  section  of  beamllne  with  two 
quaorupde  doublets,  a  singlet,  and  a  switching  magnet  was  successfully  used 
for  research  in  an  interim  vault  during  the  calcar  year  1989.  In  May  of  1990 
the  first  section  of  Phase  II  beamline  was  used  and  the  remaining  sections  are 
expected  to  be  operational  by  this  Fall.  A  section  of  the  superconducting 
beamllne  near  the  K1200  cyclotron  serves  as  a  beam  analysis  system  and  a 
fragment  separator  for  secondary  beams,  the  A1200*. 


Research  supported  by  the  US  National  Science  Foundation. 

1 .  B.M.Shcrrill,  et  al.  Proc.  Rrst  Inter.  Conf.  on  Radioactive  Nuclear  Beams,  Oct. 
1989  C/iforld  Scientific,  1990)  p.72. 


14:06 

CC4  Pattern  Recognition  in  the  E814  Forward 
Spectrometer.  S.V.  GREENE.  T.K.  HEMMICK,  J.T. 
MITCHELL,  B  SIlIVAKUMAR.  and  Ch.  WINTER  Yale 
University*,  E.  O'BRIEN  Brookhaven  National  Laboratory*— 
The  E814  forward  spectrometer  is  used  m  the  identification  of  heavy 
ions  and  minimum  ionizing  particles  emitted  in  a  cone  of  approximately 
0  8  degrees  centered  around  the  beam  direction.  It  consists  of  two 
dipole  magnets,  three  tracking  detectors,  a  scintillator  hodoscopc  wall, 
and  a  wall  of  segmented  calorimeters.  Pattern  recognition  proceeds 
through  the  identification  of  track  elements  m  dnft  chambers,  charge 
clusters  in  pad  chambers,  and  hit  locations  in  the  scintillator  and 
calorimeter  walls.  These  pieces  of  information  are  then  combined 
together,  taking  into  account  their  differences  in  character  and 
accuracies,  to  identify  track  candidates  and  pamclcs.  The  identification 
happens  even  when  some  of  these  pieces  of  information  are  missing. 
We  will  present  our  pattern  recognition  strategy  and  discuss  the 
performance  of  the  algorithms. 

*Supportcd  in  part  by  the  U.S.  Depanment  of  Energy. 


14:IS 

CC  5  Pcrform.ancc  of  the  Yale  Neutron  Ball.*  S.L.  RUGARI, 
M.  GAI.  R.H.  FRANCE  HI,  B.J.  LUND,  Z.  ZHAO,  Yale 
University— The  Yale  Neutron  Ball,  a  2k  array  of  35  neutron 
detectors  consisting  of  six  subunits  of  six  elements  each,  has  been 
tested  using  standard  neutron  sources  (Pu-Bc  and  nn-4MeV, 
2MeV  respectively)  and  with  monocncrgetic  neutrons  product  by  the 
reaction  ‘*Hc(^Bc,n)*2c  (EBcam=I5McV).  The  detectors  arc 
aluminum  shells  filled  with  liquid  seintillator  tNE213;  to  allow 
ncuuon  gamma  ray  disvnminatiun.  This  discnminatiun,  performed 
witii  a  new  zeru-vrussuvei  P uisc  Shape  DiseTiminator  0,  gives  a  figure 
uf  iTicni  uf  '  4.5*  .  Ncuiron  time  of  flight  has  been  measured  with 
.in>e  rcsoiuiion  of  Ai  1.2  ns  vansmg  primarily  from  the  dcicctur 
geometry/.  Indit.Jual  intrinste  effioieneics  of  the  order  of  25%  al  2 


14:42 

CC7.  Application  oflhe  Differential  Algebra  CodeOQSY-Infinity 
tO-Magnetic  Spectropraph  Design.  'M.BER2,  J-DITTMANN, 
K.JOH.  J.A.NOLEN.  B.M.SHERRILL,  and  A.F.ZELLER.  Michigan 
State  Un'iyersity-The  recent  application  of  differential  algebra  (DA) 
to  beam  dynamics’  has  made  it  practical  to  extend  matrix  optics 
techniques  to  arbitrary  order.  We  are  currently  evaluating  the 
usefulness  of  the  code  COSY-Infinity  in  magnetic  spectrograph 
design.  Previously,  v/e  have  used  the  optimizing  code  MOTER 
v/hich  includes  the  program  RA'YTRACE  as  a  subroutine.  Using 
the  NSCL  S8(X)  design  as  a  test  case  we  have  determined  that 
matnx  calculations  to  seventh  order  provide  predsion  adequate 
for  10“*  energy  resolution  and  1  mr  angular  resolution,  which  are 
the  spedfications  for  this  spectrograph.  There  are  50  matrix 
elements  out  of  a  possible  several  thousand  which  are  relevant 
to  the  resolutions  at  this  level.  MOTER  indudes  the  effects  of  finite 
detector  resolution  in  its  optimization  procedure,  whereas, 
COSY-Infinity  currently  does  not.  Our  next  goal,  therefore,  is  to 
develop  a  faster  version  of  MOTER  by  using  me  high  order  matrix 
tracking  techniques  of  COSY-Infinity  in  place  of  the  present 
raytraang  method.  We  also  expect  DA  methods  to  be  useful  in 
developing  an  algorithm  for  fast  on-line  trajectoiy  reconstruction 
from  focal-plane  detector  position  information. 


Research  supported  by  the  US  National  Sdence  Foundation. 
1.  M.Berz,  Part.  Accel.  24(1989)109. 


14:54 

CC  8  Secondary  Beam  Intensities  from  a  Projectile  PraRment 
Separator  J.  A.  WINGER,  B.  M.  SHERRILL,  and  D.  J.  MORRISSEY, 
MSt'f  Recently,  a  great  deal  of  interest  has  been  shown  in  the  exper 
imenud  use  of  radioactive  ion  beams.  A  number  of  facilities  have  been 
built  o.  are  under  construction  world  wide  which  will  allow  separation 
of  rclati/cly  pure  radioactive  ion  beams.  One  such  facility  is  the  A1200, 
a  projcct.Te  fragment  separator  at  the  NSCL.  As  part  of  the  work  lead- 
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ing  up  to  experiments  using  the  A1200,  we  have  developed  a  computer 
code  which  allows  fast,  interactive  determination  of  secondary  ion  beam 
intensities  and  purities  for  use  in  the  design  of  experiments.  The  code 
has  been  designed  to  model  any  device  of  design  similar  to  the  A1200  by 
using  approximate  beam  optics  equations  applied  to  an  idealized  initial 
secondary  beam  from  the  production  target.  The  description  of  the  ini¬ 
tial  beam  is  based  on  the  violdhaber  model*  with  the  production  cross 
section  taken  from  the  parameterization  of  Suramerer  and  Morrissey.^ 
A  discussion  of  the  basic  equations  used,  mcludmg  all  appru-ximations, 
as  well  as  some  comparative  calculations  will  oe  given. 
fWork  supported  by  the  NSF  grant  PHY89 .13815. 

*A.  S.  Goldhaber,  Phys.  Lett.  63B,  306  (1974). 

’K.  Siimmeter  and  D.  J.  Morrissey,  Proceedings  of  the  Workshop  on 
Radioactive  Beams,  Berkeley,  Ca.,  October  1989  (In  press). 


15:06 

CC 9  Status  of  the  HSCL-A1200  Beam  Analysis 
and_Fragnient  Segara^r,  D.J.  MORRISSEY,  H. 
BE^frENS0N,"j..A.“N0LEH'7’"B.K.  SHERRILL,  and  J.A. 
WINGER,  Michigan  State  U.  --  The  A1200  is  being 
constructed  at  the  National  Supercondu ct ing 
Cyclotron  Lab  for  routine  cyclotron  beam 
analysis  and  separation  of  radioactive  beams 
produced  by  projectile  fragmentation  reactions 
is  revieued.  A  unique  feature  of  the  A1200  is 
its  placement  at  the  exit  of  the  K1200 
cyclotron  allowing  it  to  feed  beams  to  all  ex¬ 
perimental  devices.  The  device  is  achromatic 
with  2  iptermediate  images  and  consists  of  all 
superconducting  magnets,  h  quadrupole  doublets, 
4  dipoles  and  2  quadrupole  triplets,  except  for 
4  roomtemperatur e  sextupoles.  The  device  can 
be  run  in  different  modes  to  analyze  the 
primary  beam,  separate  secondary  reaction 
products  and  act  as  a  dispersion  matched 
spectrometer.  Results  from  the  first  operation 
of  the  device  will  be  presented, 

*  Supported  by  the  NSF  under  grant  PHY-89-13815 


15:18 

CCIO  Th,e  Simultaneous  Acceleration  of  Doublet,  Triplet  and 
Quadruplet  Beams  at  Ihe  Bevalac.*  G.  J.  Wozmak,  N.  Colonna,  Y. 
Blumenfeld,  D.  Delis,  M.  Justice,  K.  Hanold,  M.  A.  McMahan,  J.  C. 
Mcng,  L.  G.  Moretto,  G.  F.  Pcaslee,  P.  Roussel-Chomaz,  and  Q.  C. 
Sui,  Lawrence  Berkeley  laboratory:  —  To  calibrate  our  expenmcnial 
apparatus  requires  several  different  beam  species  which  typically 
r^uires  rctuning  the  accelerator.  To  improve  the  Bcvalac's  operational 
efficiency,  we  have  developed  a  technique  to  accelerate  midtiple  beams 
with  the  same  charge-to-mass  ratio  (Q/A).  The  tuneup  time  for  a 
"cocktail"  of  beam  species  with  identical  Q/A  takes  no  more  time  than  a 
single  beam  tune  During  the  last  year  the  Bevalac  has  routinely 
delivered  doublet  (^®Nc,'‘*®Ar,  ^®Si.'*®Fe  &  ®®Kr/'^^Xe),  triplet 
(*'*N/^®Si/^®Fe)  and  quadruplet  (’‘*N/^Sii-'®Fc/®^Kr  beams.  To  be 
accelerated  in  both  the  injector  and  the  sychrotron,  the  Q/A  ratio  of  the 
different  ion  species  must  be  matched  at  the  ion  source  and  after  the 
stripper  foil.  The  above  quadruplet  beam  was  produced  m  the  ion 
source  with  a  Q/A  -  1/14  by  using  a  iron  elcctnode  with  a  silicon  insert 
and  a  krypton/nitrogen  support  gas  mixture.  During  the  acceleration 
cycle,  the  ion  species  were  stripped  to  QiA  of  2/7.  The  possibility  of 
producing  larger  beam  multiplets  will  be  discussed  as  well  as  possible 
novel  uses  of  multiple  beams. 

This  work  was  supported  bv  the  U.  S.  Department  of  Energy  under 
Contract  DE-AC03-76SR)0098. 

Supplementary  paper 

CC  II  A  7T  Solenoid  Magnetic  Lens  System  for 
Radioactive  Noclcar  Beam  Experiments.'*  F.D. BECCllETTI, 
J  BROWN.  WZ  LI0‘  AND  D  ROBERTS.  Univ  Michigan  A  7T  multi- 
coil  superconducting  solenoid,  4C  cm  bore,  130  cm  Lug,  has  been  designed  .vnd 


cunsiructcd  fui  use  as  a  cadit/aciive  nuclear  beam  (RNB)  lens  at  the  Michi¬ 
gan  Stale  University  National  Superconducting  Cyclotron  Laboratory  (MSU- 
NSCLj  heavy-ion  facility  and  elsewhere.  This  magnet  is  a  scalcd-up  version  of 
a  smaller  device  (,20  cm  bore,  3.5T)  used  successfully  for  RNB  work  at  lower 
energies  (UM-UND).  Provisions  have  been  made  for  inclusion  of  radial  electric- 
field  lenses,  corrective  solenoid  lenses  and  mid-planc  energy-loss  absorbi  rs  to 
provide  improved  optics  and  mass  separation  The  good  optical  properties  and 
the  large  solid  angle  of  a  large-bore  s  c  magnet  (50  200  msr)  result  in  n  sys¬ 
tem  well-suited  for  production  of  high-intensity  (10®  -  10®/““^))  wcll-fo-.used 
RNBs  with  E/A  up  to  50  MeV/u.  The  short  magnet  fligth  path  is  well  suited 
for  very  short-lived  RNB  such  as  isomeric  nuclei.  This  system  is  abo  usable  as 
a  large-solid  angle  reaction-product  collector  for  secondary  reactions.  Results 
of  the  initial  tests  of  the  magnet  will  be  described. 

a)  Work  supported  in  part  by  DoE  and  the  National  Science  Foundation. 

b)  Present  address:  Cyclotron  Institute,  Texas  A&M  University,  College  Sta¬ 
tion,  TX  77843 
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13:30 

CD  1  The  fp.nl  Measurements  for  Spectra  Containing  GT 
Strength  Known  from  B  Decay*.  Y.  WANG,  C.D.  GOODMAN, 
W.  HUANG,  G.C.  KIANG,  lUCF:  R.C.  BYRD,  L.J.  RYBAR- 
CYK,  T.N.  TADDBUCCI,  LANL:  J.  RAPAPORT,  Ohio  U.:  D. 
MARCHLENSKI,  E.R.  SUGARBAKER,  Ohio  State  U..  -  Wc 
have  measured  the  (p,n)  spectra  at  =  0®,  3®,  6®  and  Bp  — 
120,  160  MeV  for  ”*Jn,  **®Sn,  which  contain 

Gamow-Teller  (GT)  strength  known  from  P  decay  in  the  medium 
and  heavy  mass  regions.  The  specific  GT  and  Fermi  (F)  cross  sec¬ 
tions  aroT  and  cp,  oqt  =  ogtIP[GT)  and  cp  =  <rplB{F),  and 
their  ratio  R*  =  S-ctI^F  am  deduced.  The  measured  (p,n)  spectra 
calibrated  against  /?  decay  can  be  used  to  measure  GT  transition 
rates  inaccessible  to  p  decay  including  transitions  needed  to  cal¬ 
ibrate  neutrino  detectors.  The  measurements  were  made  at  the 
lUCF  Swingei  Facihty  with  on  improved  neutron  detector  array. 
'IVork  supported  by  the  National  Science  Foundation. 


13:42 

CD  2  tsobarlc  Analog  State  Transitions  In  the  (p.nl 
Reaction  at  135  HeV  and  Dehsltv-Dependent  lapulsc 
Approxlnat  Ion  Calculations*  B.D.  ANDERSON.  k7 
HOSTAJABODDA’VATI.  C.  LEBO.  R.J.  MCCARTHY,  J.H.  WATSON. 
R  MADEY.  Kent  State  U  -  Wc  cotpare  density-dependent 
distorted-wave  iopulsc  approxiaation  (DD-OWIA) 
calculations  with  cxpcrincntal  (p.n)  cross  section 
angular  distributions  at  135  KeV  for  0*  to  0'^.  isobarlc 
analog-state,  transitions  in  ten  nuclei  froa  A«i4  to 
208  The  cxperiaental  aeasurcaents  were  perforaed  with 
the  beaa-swinger  neutron  tlae-of-f light  facility  at  the 
lUCF  in  several  different  c.'EperiBcnts  over  the  last 
several  years.  The  OOrDWIA  calculations  use  a  G-aatrix 
interaction^  based  on  the  Bonn  onc-boson-exchangc 
potential  and  caplrical  optical-aodcl  paraacters.  The 
agreesent  between  the  calculations  and  the  expcriaental 
results  is  e.'cccllent  with  noraalizatlon  factors 
required  that  are  within  lOX  of  unity;  these  factors 
arc  within  the  cxperiaental  scale  uncertainties. 


*  Supported  in  part  by  the  National  Science  Foundation. 
1  K.  Nakayasa  and  W.G.  Love.  Phys.  Rev.  C38.  51  (1988). 
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13:54  Proton  Induced  Reactions  in  52 
Laird,  David  Sousa.  Gerald  Calkin,  Philip  Esterle, 
Tammy  Hooper  and  Qiang  Shen,  Eastern 
Kentucky  University.— Measurements  have 
been  made  of  the  cross  sections  for  radiative 
capture,  for  elastic  and  inelastic  scattering,  and 
for  (p,n)  reactions  on  52cr.  These  data  have 
been  analyzed  using  Hauser-Feshbach  optical 
and  Isospin-coupled  channel  models  to  obtain 
appropriate  model  parameters.  Comparisons 
are  made  with  the  potentials  determined  by 
Kailas  et  al.i  at  subCdulomb  proton  energies  for 
medium-mass  nuclei.  Kailas'  study  concluded 
that  there  is  an  anomaly  in  the  absorptive 
potential  in  the  mass  40-80  region.  The 
present  analysis  shows  that  the  inclusion  of 
other  channels  aids  the  model  analyses  for  this 
target. 

IS.  Kailas,  M.K.  Mehta.  S.K.  Gupta.  Y.P.  Viyogi 
and  N.K.  Ganguly.  Phys.  Rev.  C20.  1272(  1979). 


14:06 

CD4  Spectral  function  for  p-n  pairs  In  ‘LI.  R.E. 
WARMER,  Oberlin.  E.  CHEUNG,  C.F.  PERDRISAT,  V.  PUNJABI, 
Wtlliaci  and  Harv.  C.A.  DAVIS,  R.  HELHER,  TRIUHF.  A. 
GALOHSKY,  L.  HEILBRONH,  D.  KROFCHECK,  HSU-HSCL.  S. 
DARDEN,  J.  KOLATA,  Notre  Dame.  F.  BECCHETTI ,  U.  of 
Michigan,  and  P.  SCHMANDT,  lUCF.— The  spectral  function 
for  p-n  pairs  In  the  ‘Li  ground  state  (the  distribution 
in  n-p  relative  momentura  Mk  for  pairs  whose  c.m.  is  at 
rest  in  the  lab<jratory)  was  measured  for  k  ranging  from 
0.6  to  1.5  fm"  .  The  ‘Ll(p,pa)pn  reaction  was  used,  and 
p-a  quasielastic  scattering  events  at  56°  in  the  p-a  c.m. 
system  were  selected.  These  data,  combined  with  earlier 
°Li(a,2e)pn  mea^rements,  show  that  when  k  increases  from 
0.1  to  1.5  fm”  ,  this  function  decreases  by  *1  orders  of 
magnitude  and  is  predicted  within  a  factor  of  2  (without 
renormalization)  by  the  plane  wave  impulse  approximation. 
The  asyraetry  for  the  *Li(p,pa)pn  reaction,  induced  with 
polarized  protons,  was  measured  at  56°  c.m.  and'  found  to 
have  the  same  bombarding-energy  dependence  as  that  of  p-a 
elastic  scattering.  The  ground-state  d-a  cluster 
probability,  determined  by  the  *Li(p,pa)d  reaction,  was 
consistent  with  that  found  in  other  intermediate  energy 
experiments. 


14:18 

CD  5  Global  Dirac  Optical  Potentials  for  Light  Targets* 
-  S.  Hama,  E.D.  Cooper,  B.C.  Clark,  The  Ohio  State  U.. 
R.L.  Mercer,  IBM  Watson  Labs.  -  Global  Dirac  Optical  Po¬ 
tentials  for  p  +  ”C  and  ‘*6  from  65  to  800  MeV  are  obtained 
using  several  assumptions  regarding  the  energy  (E)  and 
mass  number  (A)  dependence  of  the  optical  potential  pa¬ 
rameters.  The  geometry  parameters  are  taken  to  be  both 
B  and  A  dependent.  The  strength  parameters  are  assumed 
o  depend  only  on  B.  Characteristic  features  of  the  global 
potentials  will  be  discussed. 

*  Work  supported  in  part  by  the  NSF  grant  No. 
PIIY8822S50. 


14:30 

CD  6  Coupled  CTiannel  Effects  in  High  Energy  Alpha 
Particle  Fragmentation  on  Nuclear  Targets.  F.  A.  Cucinolta, 
L.  VV.  Townsend,  and  J.  W.  Wilson,  NASA  Lanelev  Research 


Center,  and  J.  W.  Norbury#,  Rider  College.  -  Double 
differential  cross  sections  for  the  two-body  dissociation  of 
alpha  particles  are  calculated  in  the  high  energy  optical 
model  of  nuclear  multiple  scattering.  Momentum 
distributions  for  forward  scattered  fragments  are  often 
evaluated  using  a  participant-spectator  model  or  the  DWBA. 
Using  the  high  energy  optical  model,  we  estimate  the 
importance  of  coupled  diannel  effects  on  predictions  of 
indusive  momentum  distributions  and  their  role  in 
determining  the  large  momentum  components  of  the  two- 
body  overlap  functions  from  small  angle  data.  For  elastic 
fragmentation,  interference  effects  between  partidpant  and 
spectator  interactions  are  shown  to  be  non-negligible  for 
forward  scattered  fragments. 
rlSupported  by  NASA  Grant  NAG-1-1134. 

14:42 

CD  7  A  Three  Alpha-particle  Coincidence  Search  for 
Colleetlvft  High  Soln  .Scates  In  D.D.  CAUSSYN,  N.R. 

FLETCHER,  J.A.  LIENDO,  G.L.  GENTRY,  Florida  State  U. ■ 
and  J.F.  MATEJA,  Areonne  National  Laboratory- -A  search 
for  theoretically  predicted  collective  high  spin  states 
in  *^C  is  made  by  using  position  sensitive  detectors  to 
make  a  kinematically  complete  messuremenc  of  the  three 
alpha-particles  produced  in  the  decay  of  excited  **C. 

The  excited  is  produced  in  the  system 
with  a  lab  energy  of  90  HeV.  Different  decay  processes 
in  this  system  are  identified  and  separated  as  much  as 
kinematically  allowed.  Despite  the  low  background  and 
relatively  good  energy  resolution,  no  predicted,  but  as 
yet  unseen,  states  were  uncovered  in  this  work.  However, 
from  the  calculation  of  detection  efficiency,  the 
branching  fraction  for  the  decay  of  from  the  It 
state  at  14.08  MeV  excitation  to  the  first  excited  sta  3 
of  ‘Be  is  determined  to  be  0.83  with  an  estimated 
uncertainty  of  about  0.05.  The  results  of  a  theoretical 
calculation  of  this  branching  fraction  currently  being 
done  will  be  presented  along  with  the  experimental 
spectre. 

'^Thls  work  was  supported  in  part  by  the  National  Science 
Foundation. 


14:54 

CDS  Elastic  Scattering  of  318  HeV  *Li  Ions  from 
and"Si.»  A.  NADASEN,  B.  ASHE,  J.  BRUSOE,  U.  of 
Hichizan,  Dearborn:  P.  SCHHaNDT,  IUCP:  J.  HINFIELD,  G. 
YOO,  {ISCL;  F.D.  BECCHETTI,  J.  BROHN,  D.  HOTZ,  J. 
JANECKE,  D.  ROBERTS’,  U  of  Michigan.  Ann  Arbor:  and  R.E. 
WARNER,  Oberlin  College:  Differential  cross  sections 
have  been  measured  fox  the  elastic  scattering  of  31B  HeV 
xi  ions  from  ‘C  and  "Si.  The  3t  xi  beams  were  obtained 
from  the  K500  cyclotron  of  NSCL  and  the  scattered 
particles  were  detected  with  a  S320  magnetic 
spcctroECtcr .  The  measurements  covered  seven  orders  of 
magnitude  over  angular  ranges  of  4.5®  to  46.5°  for  X 
and  3.7°  to  38.8*  for  “Si  in  the  center-of-mass.  The 
angular  distributions  exhibit  diffractive  oscillations 
forward  of  15*  followed  by  smooth  exponential  fall-off 
characteristic  of  nuclear  rainbow  scattering.  The 
rainbow  scattering  region  is  crucial  for  the 
determination  of  unique  xi-nucleus  Optical  Model 
potentials  at  this  energy.  Results  of  the  measurements 
and  preliminary  Optical  Model  analysis  will  be 
presented. 

*  Supported  in  part  by  the  NSF. 


I5d)6 

CD  9  Three  g-particle  Reactions  in  Special 
Kincmatical  Conditions.  M.BOGOVAC,  D.MILJANIC, 
D.RENDlC,  M.ZADRO,  Ruder  BoSkovid  Institute  and 
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G.CALVI,  M.LATTUADA,  F.RIGGI,  C.SPITALERI, 
University  di  Catania  and  Laboratorio  Nazionale 

del  Sud. The  ’'’B(d,«a)^He  and  ®Be( ^He ,ac()'’He 

reactions  are  studied  in  the  "star" 
configuration  (angles  between  a-particles  are 
120°  in  c.m.  system).  It  is  also  required  that 
relative  energies  in  each  a-particle  pair 
correspond  to  the  excitation  energies  of  Be 
states.  The  results  of  the  experiments  and 
their  possible  descriptions  will  be  presented. 


15:18 

CD  10  Searches  for  Small  Violations  of  the 
Pauli  Exclusion  Principle  in  Muclear  Reactions. 
D.MILJANIC  and  A.LJUBICIC,  Ruder  BoSkovid 
Institute . -  Recently  there  have  been  several 


theoretical  and  experimental  studies 
considering  the  possibility  of.  small  violations 
of  the  Pauli  exclusion  principle.  In  the 
experiments  the  main  emphasis  has  been  on  the 
tests  of  the  principle  in  atoms.  However,  we 
propose  several  very  sensitive  tests  in  nuclear 
reactions.  Experimental  results  from  the 
searches  will  be  presented. 


15:30 

CO  11  ElnH.*_3angfl  DWBA  deserlstlon  af  »H  5ea;t«r!na  and 
reaction  cre«5-««et Ions  and  analvsmg  BOw«r».  C.3LYTH.  J.3.A. 
CNGLAND,  S.H. FIELD.  O.KABEAH.  C.H.PIHDElt.  .t.H. CLARKE.  G.RAI. 
R.VLASIOU.L.ZYSERT  and  O.C.MORRISCS.  ilnlveraltv  ot  Sirainchaa. 
BIralnohaa  91S  2TT.  England.—  A  reasonably  accurate  and 
coaplete  sec  oC  cross>sectlons  and  anaiysinc  power  data  for  ‘He 
•  ‘H  elastic  scatcerinc  and  ‘He  >H  ->  SH  ♦  ‘He  reactions 
at  Incident  laboratory  anarolss  of  IS  to  38  HeV,  has  been 
Cathered  and  coapared  with  the  predictions  of  full.flnlte- 
rance.  DHBA  calculations*.  The  transfer  fora-factors  were  the 
result  of  calculations  beclnnlnc  with  realistic  nucleon'nucleon 
Interactions  Including  Che  ta.nsor  Interaction.  The  Incident 
and  exit  channel  wavefunctlons  were  deteralned  by  an  Optical 
sodel  analysis  of  the  elastic  scattering  data  and  three 
possible  sets  of  paraaeters  were  decerBlned.  Only  one  of  the 
sets  howaver,  led  to  an  acceptable  description  oc  ail  the  oata 
whan  Included  In  the  DHBA  calculations.  This  set  had  a  real 
voluae  Integral/nucleon  of  1150  KeV  fs‘.  The  results  will  be 
presented  and  Che  acceptability  of  the  conclusions  considered. 

f  J. 8. A. England, at  at.  To  be  subalcted  to  Muclear  Physics  A 
□  Prograa  FRESCO.  I.J.Thospson  Cosp  Phys  R<p  2  119881  167 


Supplementary  paper 


CD  12 

Microscopic  Optical  Model  anlculatlon.*;  for  Huclcon- 
Nucleus  Scattering  in  Light  Huclel  (6  r;  A  ^  111 . 

L.F.  Hansen,  F.S  Dietrich,  Lawrence  Livermore  National 
Laboratory*,  R.L.  Halter,  Duke  University  and  TUNL**. 
Differential  cross  sections  and  analyzing  powers  for 
geutrons  and  protons  elastically  scattered  from  °L1, 

’Be,  ^”3  and  ^^B  in  the  energy  range  8-17  MeV  are 
compared  with  two  microscopic  OM  calculations  using 
the  JLM  (with  M3Y  spin-orbit  interaction)  and  Yanaguchi 
et  al.  potentials.  Reasonable  good  fits  are  found  for 
all  the  data  using  only  three  parameters.  Ay, 
and  AgQ,  which  are  the  normalizing  constants  to 
the  real  and  imaginary  central  potential  and  the  real 
spin  orbit  potential  respectively.  All  three  parameters 
showed  a  smooth  energy  dependence,  well  as  an  A 
dependence  to  be  discussed.  *Hork  performed  under  the 
auspices  of  the  USDOE,  Contract  H-7a05-ENG-A8.  **  Work 

supported  by  USDOE,  Contract  No.  DE-AC05-76ER01067. 


TOWN  MEETING 
Friday  afternoon,  26  October  1990 
Room  141,  Loomis  Laboratory  at  16:00 
J.  Ball,  presiding 


BATES  USERS’  GROUP 
Friday  afternoon,  26  October  1990 
Room  136,  Loomis  Laboratory  at  17:00 


MSUNSCL  USERS’  GROUP 
Friday  afternoon,  26  October  1990 
Room  15$,  Loomis  Laboratory  at  17:00 


HHRIF  USERS’ GROUP 
Friday  afternoon,  26  October  1990 
Room  144,  Loomis  Laboratory  at  17:00 


CASH  BAR 

Friday  evening,  26  October  1990 
South  Lounge,  Iliini  Union  at  18:00 


BANQUET 

Friday  evening,  26  October  1990 
Rooms  A,  B,  and  C,  Iliini  Union 


INVITED  SESSION  DA:  ELECH'ROMAGNETIC  STRUCTURE  OF  BARYONS 

Saturday  morning,  27  October  1990;  Room  141,  Loomis  Laboratory  at  9:00;  R.  G.  Arnold,  presiding 


Note  Times:  5  Speakers — 30  minutes  each. . 

9:00 

DA  1  The  Ori^ns  of  Scaling  in  Inclusive  Scattering  from  Nuclei.  BRAD  FILIPPONE,  Caltech. 


The  data  from  high  energy  electron  scattering  from  nuclei  indicate  several  types  of  scaling.  In  the  deep  inciastic 
regime,  scaling  in  the  Bjorken  x  variable  (x  =  Q^jlMv  )  is  observed,  indicating  incoherent  scattering  from  the 
aucleon  constituents,  and  providing  information  on  the  quark  momentum  distribution  in  nuclei.  In  the  quasiclastic 
rc^on,  y  scaling  has  been  observ^  suggesting  coherent  scattering  from  the  nucleons  thcmsclvca,  and  possibly 
shedding  light  on  the  nucleon  mwi.»-<ium  distribution  in  nuclei.  Recent  theoretical  work  and  new  analyses  of  the 
previous  data  arc  bc^nning  to  ...  >  I.ic  important  clues  to  the  validity  of  the  approximations  that  predict  the  scaling 
behaviour  and  to  possible  rclatisni'bips  between  the  scaling  phenomena. 
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9:30 

DA  2  Nc»  Measurements  of  the  Nueleon  Eleetric  and  Magnetic  Korm  Factors  at  High  Momentum  Transfers. 
PETER  HOSTED.’  American  University. 


Preliminary  results  fur  neu  measurements  of  the  proton  and  neutron  electric  and  magnetic  form  factors  vrill  be 
presented.  The  measurements  were  made  using  liquid  hydrogen  and  deuterium  targets  and  performing  RoscnL-luth 
separations  for  electrons  elastically  ut  quasi  elastically  scattered  into  the  1.6  GeV  arid  S  GeV  spectrometers  in 
End  Station  A  at  the  Stanford  Linear  Accelerator  Center.  The  proton  form  factors  were  measured  up  io  Q’  —  1 
(GcV/c)'  with  typical  errors  of  2%  on  Gup  and  approximately  5%  on  Gsp-  The  neutron  form  factors  will  be 
extracted  from  the  longitudinal  and  transverse  quasi-elastic  response  functions,  measured  up  to  Q*  4  (GcV'/c)*. 
The  errors  arc  expected  to  be  small  enough  to  distinguish  between  models  where.  Ctn  remains  olose  to  zero  and  those 
in  which  G£„(Q')  —  ^pG.\tn{Q')-  Comparisons  will  be  made  with  commonly  used  form  factor  parametrizations 
as  well  as  with  new  calculations  using  QCD  sum  rules  and  light-front  dynamics. 

*  Reporting  on  an  experimeiit  performed  by  the  NEl  1  Collaboration  (The  American  University,  Lawrence  Livermore 
National  Laboratory,  University  of  Tel- Aviv,  University  of  Maryland,  NIST,  Stanford  Linear  Accelerator  Center, 
CEBAF,  University  of  Pennsyl-tannia,  University  of  Massachusetts,  University  of  Washington,  Stanford  University, 
and  University  of  Rochester. 


10:00 

DA  3  Perturbative  QCD  Predictions  for  Haryon  Resonance  Electroproduction  at  High  Q^. 
CARL  CARLSON.  College  of  Wiiliam  and  Mary. 


Perturbative  QCD  gives  the  following  results,  valid  at  high  Q~,  for  the  elcctroproduction  of  resonances.  The 
dominant  amplitude  is  the  hadron  hclicity  ccnseiving  amplitude  often  called  Al,  which  falls  tike  1/Q^.  Amplitudes 
Cr  and  .Ai  arc  smaller  by  l/Q  and  l/Q~,  respectively.  The  ratio  of  resonance  peak  to  ‘background’  is  constant, 
as  is  seen  for  the  second  resonance.  The  delta  resonance  may  have  a  special  cancellation.  The  QCD  sum  rule  wave 
functions  for  the  nucleon  and  delta  lead  to  an  whose  leading  term  is  anomalously  small.  If  so,  the  delta  peak 
vs.  ‘‘background’  falls  (as  is  seen)  until  asymptopia  is  reached  at  a  higher  O  than  for  most  resonances. 


10:30 

DA  4  Color  Msgnetism  and  Elcctrowcak  Excitation  of  Hao'on  Resonances. 
NIMAI C.  .ML'KHOPADHYAY.  Rensselaer  Polytechnic  Institute. 


Color  magnetism'  in  quantum  chromodynamics(QCD)  is  the  non  .Abelian  analogue  of  ordinary  magnetbm  in 
quantum  electrodynamics.  It  plays  a  vital  role  in  influencing  the  quark  wave  functions  for  a  numbs  of  hadrons.* 
I  shall  show  the  relevance  of  elcctrowcak  amplitudes  for  the  N  -*  N*  transitions  in  testing  thb  and  other  aspects 
of  the  QCD  inspired  hadron  models,  using  examples  of  P33(1232),  811(1535),  and  F37(1950)  resonance  excitation. 
Next  I  shall  review  the  recent  theoretical  efforts*  on  the  extraction  of  resonant  transition  amplitudes  from  the 
cxbting  data.  Finally,  I  shall  discuss  experimental  prospects  for  improving  our  knowledge  of  meson  photo-  and 
elcctroproduction,  and  Compton  scattering  in  the  emerging  facilities. 

‘  .A.  DeRujuIa,  H.Gcorgi  and  S.L.  Glashow,  Phys.  Rev.  D12,i47(75). 

*  N.  Isgur,  G.  Karl  and  R.  Koniuk,  Phys.  Rev.  D25, 2-394(82);  M.  Bourdcau  and  N.  C.  Mukhopadhyay,  Phys.  Rev. 
Lett.  58,976(87)  and  63,3.35(89);  S.  Capstick  and  G.  Karl,  Phys.  Rev.  D4 1,2767(90). 

*  R.  Davidson,  N.  C.  Mukhopadhyay  and  R.  \Vittman,  Phys.  Rev.  Lett.  56,S(M(S6)  and  Phy.  Re-.  D.  (in  press); 
M.  Bcnmerrouche,  L.  Zhang  and  N.  C.  Mukhopadhyay,  to  be  published. 


IldW 

DA  5  Compton  Scattering  and  the  Polarizabilities  of  the  Proton.*  ALAN  M.  NATHAN,  tnijcoor  oj  Inmoa  at  trSoBa-CAam/seign. 


A  review  is  given  of  recent  and  planned  experiments  that  measure  the  electric  (o)  and  magnetic  iff)  polarizabilities 
of  the  proton.  These  quantities  arc  fundamental  structure  constants  that  characterize  the  second-ordet  response  of 
the  proton  to  external  static  cla.tric  and  magnetic  fields.  They  arc  equal  in  importance  to  the  mean-square  charge 
or  magnetic  radius,  although  known  considerably  less  well.  Low  energy  theorems  rdatc  the  Compton  scattering 
erms  section  to  o  and  For  ener^cs  small  compared  to  the  pion  mass,  the  elastic  photon  scattering  cross  sectiim 
deviates  from  that  expected  for  a  point  structureless  proton.  The  deviation,  which  to  lowest  order  b  quadratic 
in  the  photon  energy,  b  directly  proportional  to  the  sum  and  difference  of  a  and  $  at  forward  and  backward 
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scattering  angles,  reipectivsly.  We  describe  in  detail  an  experiment*  in  which  the  scattering  cross  section  was 
ireasured  b'.twcen  the  energies  of  32  and  72  MeV  and  at  laboratory  scattering  angles  of  60®  and  135°  using  the 
pho" tagging  technique.  The  results  of  that  experiment  will  be  presented,  and  an  interpretation  in  terms  of  a 
and  /?  will  be  given. 

‘Supported  by  the  National  Science  Foundation  under  grant  PHY  86-10493. 

*  F.  J.  Federspiel,  Ph.  D.  thesis,  University  of  Illinois,  1990  (unpublished). 


SESSION  DB:  HIGH-ENERGY  HEAVY-ION 

AND  pp  REACTIONS 

Saturday  morning,  27  October  1990 

Room  151,  Loomis  Laboratory  .'  5:00 

T,  I.udlam,  presiding 


9.00 

DB  1  Fission  Svstematics  from  the  Reactions  Fe+Th.  Au. 
Ta  and  Nb+Au.at  50  to  100  MeV/A*.  M.  N.  Namboodiri, 

H.  C.  Britt,  D.  J.  Fields,  L.  F.  Hansen,  R.  G.  Laiuer,  J.  E. 

Larkin,  T.  C.  Sangster,  G.  L.  Struble,  Lawrence  Livermore 
National  Laooratory.  Ivl.  Begemann-Blaich,  T.  tilaich,  M.  M. 
Fowler,  J.  B.  Wilhelmy,  Los  Alamos  National  Laboratory.  S. 
B.  Kaufman,  F.  Videbaek,  Areonne  National  Laboratory.  Y. 
D.  Chan,  A.  Dacal,  A.  Harmon,  J.  Pouliot,  R.  G.  Stokstad, 
Lawrence  Berkeley  Laboratory,  Z.  Fraenkel,  Weizmann 
Institute-We  have  performed  a  detailed  analysis  of  the 
fission  systematics  in  the  reactions  Fe+Th,  Au.  Ta  and 
Nb+Au  at  50  to  100  MeV/A.  The  data  were  ccLected  using 
the  PA.GODAi  detector  array  at  the  LBL  Bevalac.  For  each 
fragment  we  measure  the  charge,  velocity  and  position 
(0,(j)).  Our  results  indicate  that  fission  occurs  predominantly 
from  peripheral  collisions  v/ith  parallel  momentum 
transfers  ip  to  a  maximum  of  about  6  GeV/c  and  excitation 
energies  less  than  1  GeV.  The  data  are  consistent  with  the 
much  lower  energy  Viola  systematics  for  all  systems. 

•Work  performed  under  the  auspices  of  the  US  DoE,  contract  W-740S- 
ENG-18.  1m.  ivl.  Fowler  et  al,  NIM  A281  (1989)  517-527. 


9:12 

DB2  IntarmcQ.  ;  Mass  Fragment  Production  from  Pe+Au 
and  Nb+Au  Reactions  at  50  to  100  MeV/ A*.  T.  C.  Sangster,  . 
H.  C.  Britt,  D.  J.  Fields,  L.  F.  Hansen,  R.  G.  Lanier,  J.  E  Larkin, 
M.  N.  Namboodiri,  G.  L.  Struble.  Lawrence  Livermore 
National  Laboratory.  M.  Begemann-Blaich,  T.  Blaich,  M.  M. 
Fowler,  J.  B.  Wilnelmy,  Los  Alamos  National  Laboratory.  S. 
B.  Kaufman,  F.  Videbaek,  Argonne  National  Laboratory.  Y. 
D.  Ch*-jr.,  A.  Dacal,  A.  Harmon,  J.  Pouliot,  R.  G.  Stokstad, 
Lawrence  Berkeley  I  aboratory.  Z.  Fraenkel,  Weizmann 
Institute—We  have  measured  intermediate  m.ass  fragment 
(IMF)  production  from  the  reactions  Fe+Au  and  Nb+Au  at 
50  to  100  MeV/ A  using  the  PAGC  "^Al  detector  array  at  the 
LBL  Bevalac.  The  data  consists  of  isotopically  Identified 
fragments  from  protons  thtough  the  fission  mass  region. 
We  present  a  broad  o'-erview  of  the  IMF  and  light  particle 
inclusive  systematics  for  both  systems.  This  includes  the 
angular  and  mass  distributions,  the  multiplicity  distribution 
and  the  to.al  product.on,  cross  sections. 

‘Work  performed  under  tne  auspices  of  the  Us  DoE,  contract  W-7405- 
ENG-48. 

1m.  M.  Fovder  et  at.,  NIM  A281  (1989)  517-527 


9;24 

DBS  £s2Hipflrl52n-itg-Ml9)rog9p?,'c  .galwlMlgn?  pf  IMF 
Emission  vlth  Expcrtiner.cs  for  the  Reactions  Fe+Au  and 
Hb+Au  at  SQ  to  lOOileV/A.  L.F. Hanson,  H.C.Brlct,  H.N. 
"a-nboodiri,  T.C.Sangiitor,  Lawrence  tl^annore  National 


I.aboratorv*:  G.Peilerc,  H.Scockcr,  W. Greiner,  Instltut 
fur  Theoreclcal  Phvslk.  JWG-UnlverslCat.**  Calcula¬ 
tions  of  Che  fragmontaclon  products  from  the  Fe+Au  and 
Nb+Au  reactions  cst  50  and  100  MeV/A,  have  been  done 
using  the  (Quantum  Molecular  Dynamic  (QHD)  codel^. 

The  calculated  mass  distribution  of  the  fragments  for 
X2£ks60  values,  their  multiplicities  and  angular  dis¬ 
tributions  are  compared  with  measurements  from  the  Pago¬ 
da  detector  array  at  the  LBL  Bevalac.  The  mass  distri¬ 
butions  and  multiplicities  are  reproduced  reasonably 
well  by  the  model.  However,  the  calculated  angular 
distributions  are  more  sharply  forward  peaked  than  the 
experimental  data.  Details  of  the  QMD  calculations  will 
be  discussed.  *Work  performed  under  the  auspices  of  the 
USDOE,  Contract  W-7405-ENG-48.  Supported  by  the  German 
Federal  Minister  for  Research  and  Technology  (BHFT) , 
Contract  06  OF  772  &  the  GSI. 

^J.  Alchelln  et  al . .  Phys.  Rev.  C  22,  2451,  (1988). 


9:36 

DB4  Electromagnetic  Dissociation  of  at  Intermediate 
Energies.  ‘  M.  JUSTICE,  Y.  BLUMBNFELD,  N.  COLONNA, 
D.N,  DELIS,  K.  HANOLD,  J.  MENG,  L.G.  MORE'TTO,  G.F. 
PEASLEE,  G.J  WOZNIAK,  Lawrence  Berkeley  Laboratory,  G. 
GUARINO,  IFN-taari  -  Elec* romagnoF*  dissociation  cross  sec¬ 
tions  of  ”®U  +  *®®U  al  SO  and  120  A  MeV  have  been  measured 
at  the  Berkeley  BEVALAC.  Due  to  the  very  low  barrier,  uranium 
decays  with  high  probability  into  two  fission  fragments  after  elec¬ 
tromagnetic  excitation.  Two  arrays  of  position  sensitive  silicon 
AJS  -  B  telescopes  placed  concentrically  around  the  h  .m  axis 
were  used  to  identify  the  projectile  fission  fragments,.  The  ex¬ 
pected  contribution  from  peripheral  nuclear  rea^-tions  is  extrap¬ 
olated  from  measurements  on  a  series  of  light  targets.  A  com¬ 
parison  with  models  based  on  the  Weizsacker-Williams  method 
of  virtual  quanta  will  be  made. 

‘This  work  was  supported  by  the  Director,  Office  of  Energy  Re¬ 
search,  Division  of  Nuclear  Physics  of  the  Office  of  High  Energy 
and  Nuclear  Pliysics  of  the  U.S.  Department  of  Energy  under 
Contract  DE-Ac03-76SF00098. 

9:48 

DB  5  Bevalac  Experiment  E848H  :  Neutron  Tliple  -  Differential 
Cross  Sections  from  Nb  +  Nb  Collisions.  M.  BLAASAR,  R.  MADBY,  W. 
ZhANG,  J.  SCHAMBACH,  D.  KBANE,  B.  D.  ANDERSON,  A.  R.  BALD¬ 
WIN,  i.  W.  WATSON,  Kent  State  U.‘:  G.  WESTFALL,  Michigan  State 
IL;  G.  KREBS,  U.  WIEMAN  LEh:  C.  GALE,  McGill  U.  -  -  We  mea¬ 
sured  neutron  tripic-difierential  cross  sections  d?(rldcos9dij}dY  ftom.high- 
muItipHeity  Nb+Nb  collisions  at  400  AMeV.  The  reaction  plane  for  each 
event  was  determined  with  a  method  proposed  by  Gyulassy.’  Neutrons  were 
detected  in  18  detectors  disposed  nt  polnr  angles  from  3°  to  60°,  The  triple- 
difletential  cross  sections  ate  peaked  at  an  asimuthal  angle  of  0°  relative 
to  the  reaction  plane  for  neutrons  with  positive  cm  rapidities  and  at  d:180° 
for  neutrons  with  negative  cm  rapidities.  Comparison  of  the-^  measure¬ 
ments  with  BUU  calculations’  constrains  the  incompressibility  modulus  in 
the  equation-of-state. 

’  Supported  in  part  by  the  National  Science  Foundation. 

*  G.  Fai,  W  Zhang,  and  M.  Gyulassy,  Phys.  Rev.  CTO.  697  (1987). 

’  G.  M.  Wclke  el  a!.,  Phys.  Rev.  SM,  210!  (1988). 
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10.00 

DB6 

Light  Fragiaeat  Cross  Sections  from  800-A  MeV  ‘'°Ar  + 
KCI  and  ^®Ar  +  An.  M.D.  Partlan,  J.L.  Romero,  F.P.  Brady. 
W.B.  Christie^,  O.P.  Grim.  C  E,  Tull,  UC  Dsvis.»  G.  D.  Westfall. 
D.E.  Cebra.  C.  Djalali,  A.  Vande'  Molen,  K  Wilson,  Michigan  State 
iL,  H.Wieman,  W.  F.  J.  MUller,  D.L.  Olson,  T.J.M.  Symons,  LBL, 
Light  fragment  cross  sections  (p,  d,  t,  ®He,^He).  covering  from  “ 
5®  to  35°  lab,  were  measured  at  the  Heavy  Ion  Spectrometer  System 
at  the  LBL  Bevalac  using  an  800  A  MeV  ‘*®Ar  beam  on  targets  of  Au 
and  KCI.  Fragments  were  identified  and  all  tltree  components  of  the 
momentum  vere  measured  The  measured  cross  sections  as  well  as 
the  results  of  two  particle  correlations  will  be  presented  with  the  aim 
of  extracting  the  enu-opy  and  temperature  of  the  system, 

*  Associated  Western  University  Graduate  Fellow. 

*  Supported  by  NSF  Grant  84-19380. 


10:12 

DB  7  Dynamical  Etfecta  on  Pious  in  Energetic  Nuclear  Collisiotn.* 
A.  F.  BARGHOUTY,  Roanoke  College;  G.  FAI  and  D.  KEANE,  Kint 
State  Univeisity — The  continuing  experimental  interest  in  the  properties 
of  pi(  1  produced  in  high-energy  nuclear  collisions  motivated  us  to  re¬ 
visit  model  predictions  ui  .non  spectra,  total  yields  and  pion-charged  par¬ 
ticle  multiplicity  correlations.  A  statistical  background  calculation  car¬ 
ried  out  with  the  FREESCO  event  generator’  indicates  that  it  is  nec- 
ess'.ry  to  take  account  of  dynamical  effects  if  the  experimental  data  are 
to  be  reproduced.  The  presence  of  nuclear  matter  flow  is  well-known 
from  the  analysis  of  nucleons  and  heavier  fragments  ®  Incorporating  the 
A(1231  MeV)  resonance  gives  reasonable  agreement  with  the  experimeptal 
pion  fields  as  a  function  of  the  beam  energy  for  different  symmetric  sys¬ 
tems.  We  discuss  the  necessity  of  further  dynamical  effects  in  the  model 
calculation  to  obtain  an  approximate  reproduetton  of  the  pion  spectra. 

•Supported  by  US  DOE  Grants  DE-FG02-86ER40251  and  DE-FG02- 
89ER40531  and  by  NSF  Grant  1NT-88133S1 

'S.  1.  Chase  el  at.,  Ptoc.  Workshop  on  Nuclear  Dynamics  VI,  Feb.  1990, 
Jackson  Hole,  Wyoming,  ed.  J.  Randrup,  I/BL-287UI',  67  (1990). 

’G.  Fai  and  J.  Randrup,  Comp.  Phys.  Comm.  42,  385  (1986). 

’H.  A.  Gustafsson  el  ol.,  Phys.  Rev.  Lett.  62,  1690  (1984). 


10:24 

DB  8  Proton  Distributions  in  14.6  GeV  per  Nucleon  Si- 
Nucleus  Collisions.  J.T.  MITCHELL  for  the  E8I4  Collaboration: 
BNL*,  LANL*,  McGill  University,  U.  of  New  Mexico*,  U. 
of  Pittsburgh*,  SUNY-Stony  Brook**,  Tel  Aviv,  Texas 
A&M*,  Yale  University*-We  have  measured  the  rapidity, 
transverse  momentum,  and  muldphcity  distributions  of  protons  emitt^ 
in  interactions  between  Si  projectiles  and  targets  of  Al,  Cu,  and  Pb. 
The  measurements  were  made  as  functions  of  event  centrality.  The 
degree  of  centrality  was  characterized  by  measurement  of  transverse 
energy  in  the  pseudorapidity  interval  -0.5  <  t)  <  0.8  using  a  Nal 
calorimeter,  and  charged  pat  jcle  multiplicity  in  the  interval  1.3  <  T]  <  4 
using  a  Si  pad  array.  The  protons  were  detected  in  a  magnetic 
spectrometer  '  'hich  consists  of  tracking  chambers,  scintillators,  and 
calorimetens,  a,id  ..leasured  the  momentum,  total  energy,  charge  and 
time  of  flight  of  particles  that  passed  through  a  0.8  degree  cone  m  the 
forward  duection.  We  will  present  the  proton  disuibutions  and  explore 
their  dependances  on  event  centrality. 

♦Supported  in  part  by  the  U.S.  Department  of  Energy. 

♦♦Supported  in  part  cy  the  National  Science  Foundation. 


10:36 

OQ9  Correlation  Studies  for  Uitrarr.elativistic 
Nuclear  Collisions.  D.SEIBERT,  University  of 
Minnesota. —  Correlation  studies  are  one  of  the 
most  useful  tools  for  studying  the  process  of  hadron 
production  in  ultra-relativistic  nuclear  collisions. 
Current  studies  show  that  correlations  in  nuclear 
collisions  are  unexpectedly  strong,  indicating  that 
we  may  be  observing  the  decay  of  bulk  hadi  onic 
matter,  and  possibly  even  quark-gluon  plasma.  I 
discuss  current  methodology  for  correlation  studies, 
and  introduce  a  new  technique  for  extracting 
two-body,  three-body,  and  higher  effects  from  sets 
of  moments.  This  new  technique  is  most  effective 
for  high  multiplicity  collisions,  and  thus  should  be 
very  useful  for  studies  of  ultra-relativistic  nuclear 
collisions. 


10:48 

DB  10  Threshold  Measurement  of  the  Reaction  pp-4y^£-bc.c. 
R.L.  TAYLOEt  U.  of  Illinois  for  the  PS  185  Collaboration*-The 
reaction  pp-ki^  together  with  its  charge  conjugate  channel  (c.c.) 
has  been  measured  at  LEAR.  A  multi-element,  Pb/SCIFI 
calorimeter  was  used  to  detect  the  prompt  y  from  the  decay  E-kyA. 
This  feature  has  permitted  distinction  of  the  channel  pp-k!AE  from 
pp-kXA;  tlie  latter  has  been  reported  in  our  earlier  work.*-^  The 
ine.’deiit  p  momenta  were  ehosen  to  facilitate  a  comparison  between 
the  two  sets  of  data  from  their  respective  reaction  thresholds  to 
excess  energies  of  40  MeV  above  these  thresholds.  The  status  of 
the  near-threshold  data  evaluation,  final  results  for  an  excess  energy 
of  14.8  MeV  above  threshold,  and  theoretical  models  which 
compare  the  reactions  pp-kilE  and  pp-kAA  will  be  discussed. 

'‘Caniegie-Mellon,  Erlangen-Nilmberg,  Freiburg,  Illinois,  KFA 
JUlich,  Rice,  Uppsala,  Vienna. 

tResearch  supported  in  pan  by  the  National  Science  Foundation. 
•P.D.  Barnes  et  al.,  Phys  Rev.  B  m  (1987)  249, 

2p.D.  Barnes  et  al.,  Phys  Rev.  B  m  (1987)  147, 

^P.D.  Barnes  et  al,,  Phys  Rev.  B  229.  (1989)  432,  and 
‘'P.D.  Barnes  et  al.,  CERN-EP/90-40,  Phys  Rev.  B,  in  press. 


SESSION  DC:  WEAK  INTERACTIONS,  FUNDAMENTAL 
SYMMETRIES,  AND  NOVEL  NUCLEAR  PHENOMENA 
Saturday  morning,  27  October  1990 
Room  144,  Loomis  Laboratory  at  9:00 
D.  Beck,  presiding 

9:00 

DC  1  Angular  Correlaclon  Test  of  CP-Invariance  Using 
Polarized  Positronium.*  M.  Skalsey  and  J.  Van  House,  U. 
of  Mich. —  We  have  recently  completed  a  preliminary 
search  for  tlje  new  CP-violating  angular  correlation^ 
(S-lcp)  (S-kiXj{2)  in  the  three  photon  decay  of  triple^ 
positroniu.-n  (o-Ps-*-3y)  ,  where  Is  is  spin  of  o-Ps  and 
are  the  T-momensa,  with  |ki|>  jk2i>iic^| .  Spin-aligned  o- 
Ps  IS  obtained  by  magnetic  quenching  of  the  m^O  triplet 
state,  Y-n»menta  are  determined  with  Nal  detectors, 
symetries  of  the  number  of  events  with  kixk2  up  and 
down  are  measured  to  the  level  of  10"  7,  The  amp¬ 
litude  of  this  correlation  is  determined  from  the  meas¬ 
ured  asymmetry  and  has  been  found  to  be  zero  at  about 
the  1%  level  of  uncertainty,  consistent  with  CP-invar- 
iance. 

*  Work  supported  by  NSF  under  Grant  No.  PHY-8803718. 

^  B.  K.  Arbic,  et  al.,  Phys.  Rev.  A37,  3189(1988). 
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9:12 

DC  2  A  Contributions  to  the  Parity-Violating  Nuclear  In¬ 
teraction  G.  B.  Feldman,  G.  A.  CRAWFORD,  J.  DUBACH,  and 
B.  R.  Kolstcin,  IJjiivcrsity  of  Mas&achusatts.'  —  Most  theo¬ 
retical  descriptions  of  parity  violation  in  low-  and  intermediate- 
energy  nuclear  physics  liave  been  based  on  effective  one-meson- 
cxchange  weak  interactions  between  nucleons.  In  tliat  case, 
one  nucleon-nucleon-mcson  vertex  is  a  parity-conserving  strong 
vertex  and  the  otlier  is  a  parity-violating  weak  vertex.  Re¬ 
cent  studies  of  parity-violating  proton-proton  scattering  at  in¬ 
termediate  energies  suggest  that  virtual  A’s  may  have  a  sig¬ 
nificant  effect,  especially  since  the  parity-violating  s-wave  pion 
exchange  between  protons  is  forbidden  by  Barton’s  theorem. 
We  therefore  calculate  an  effective  Hamiltonian  for  weak  s- 
wave  coupling  of  nucleons  and/or  A’s  with  i,  p,  and  u  mesons. 
The-""  calculations  are  based  on  a  simple  quark  description 
and  an  cfiectivo  Weinberg-Salam  model  of  the  weak  interac¬ 
tion  which  take  into  account  gluon-exchange  renormalizations. 

Supported  in  part  by  DOE  Contract  UE-FG02-88ER40415. 


9:24 

DC  3  The  Measurement  of  Doppler  Shifts  in  Gamma  Ravs  Due  lo 
Nuclear  Recoil  Following  Beta  Decay.*  M.  B.  SCHNEIDER,  A.  B. 
CRAFT,  N.  K.  GREGORY,  K.  A.  NASSIFF,  and  J.  A.  PATMON, 
Grinnell  College.  —  The  beta  decay  of  light  radioisotopes  causes  a 
recoil  of  the  daughter  nucleus  with  a  kinetic  energy  of  typically 
several  hundred  electron  volts.  If  this  recoiling  nucleus  gamma 
decays  in  flight,  the  subsequent  gamma  ray  is  Doppler  shifted  by 
typically  several  hundred  electron  volts.  Large  shifts  of  this  type  have 
bwn  used  before  for  measuring  the  beta  neutrino  angular  correlation.' 
This  energy  shift  can  be  measured  through  coincident  beta-gamma 
detection  using  conventional  high  punty  germanium  detectors  and 
associated  electronics.  We  have  developed  methods  to  measure  the 
energy  shift  to  an  accuracy  of  one  electron  volt  or  better.  We 
consider  the  application  of  these  techniques  to  the  study  of  angular 
com  lations  in  nuclear  beta  decay;  application  to  the  beta  neutrino 
angular  correlation  is  discussed  in  detail. 

♦Supported  in  part  by  the  National  Science  Foundation  through  Grant 
PHY-8907645,  and  by  the  Iowa  Science  Foundation  through  Grant 
ISF-88-47. 

'  Warburton,  E.  K.,  D.  E.  Alburger,  and  D.  H.  Wilkinson,  Phys.  Rev. 
C2.4.1 186  (1982). 


9:36 

DC  4  Nuclear  Structure  Effects  in  Atomic  Parity  Non- 
conservation.  E.  N.  FORTSON,  Y.  PANG  and  L.  WILETS, 
University  of  Washington.  Seattle.  WA  98195  —  We  systemati¬ 
cally  study  various  effects  of  nuclear  structure  on  atomic  parity 
nonconservation  (PNC).  Experiments  that  measure  atomic  PNC 
on  strings  of  isotopes  of  the  same  element  and  then  take  ratios 
of  observables  can  cancel  complicated  dependence  on  electronic 
structure. .  We  find  that  nuclear  structure  effects  play  a  signif¬ 
icant  role  in  interpreting  these  experiments  and  in  extracting 
weak  interaction  parameters  from  them.  The  uncertainties  in 
the  nuclear  structure,  especially  the  uncertainties  in  the  neutron 
distribution,  severely  limit  the  precision  of  measuring  the  weak 
interaction  parameters.  'On  the  c‘hcr  hand,  the  sensitivity  to  the 
neutron  distribution  could  provide  a  unique  method  of  making 
accurate  determinations  of  RMS  radii  of  neutron  distributions. 


9:48 

DCS  Ijoutron.Beta  Decay  In  the  Skvrnie  Model  for_tho 
Nucleon  G.  J.  Mathews,  and  N.  J.  Snyderman,  LIJ?!.- - 
Ue  cocepuce  the  neutron  half  life  In  the  context  of  the 
Skyrae  model.  This  model  Is  an  approximation  to  the 


large-Ng  expansion  of  QCD  in  which  baryons  emerge  as 
solitor.s  in  an  effective  field  theory  of  mesons.  We 
introduce  local  weak- interaction  gauge  symmetry  to  the 
Skyrme  Lagranglan  and  compute  the  neutron  half  life  as 
a  test  of  the  applicability  of  this  model  to  describe 
nucleon  structure. 

Work  performed  under  the  auspicies  of  the  U.S. 
Department  of  Energy  at  Lawrence  Livermore  National 
Laboratory  under  contract  number  W-7405-ENG-48. 


10:00 

DC  6  A  Search  for  Fusion  Neutron  Emission  from  a 
Thermally  Cycled,  Deuterated  Titanium  Source.  ** 

MJ  DUEWBKE.DA  ROBERTS,  K  ASHKTORAB,  F.D.  BECCHETTI  an 
R  GUSTAFSON,  Univ  Michigan  -  Titanium  sponge  loaded  with  deutcriur 
gas  under  high  pressure  at  liquid  nitrogen  temperature  was  examined  for  ev, 
dence  of  fusion  neutron  emission  using  a  special  deuterated  scintillator  (N15230 
neutron  spectrometer.  An  upper  limit  of  0.0361  n/s  per  gram  titanium  wjis  ob 
tained,  corresponding  to  2.87  X  lO"^"*  fusions/s  per  d-d  pair. 

a)  Work  supported  in  part  by  the  National  Science  Foundation. 


10:12 

DC  7  The  Effect  of  Electron  Screening  and  Velocity  Distribution 

on  Hydrogen  Fusion  in  Physical  Processes.  ROBERT  A.  RICE,  YEONG 
E  KIM,  AND  GARY  S  CIIULICK,  Purdue  U — The  electron  screen¬ 
ing  effect,  in  conjunction  with  a  particle  velocity  distribution,  greatly 
enhances  the  cross  sections  and  reaction  rates  (often  by  fifty  orders  of 
magnitude  or  more)  for  the  fusion  of  hydrogen  isotopic  pairs  for  kinetic 
energies  £  ~  20  eV  in  the  center  of  mass  (CM)  frame.  This  helps  to 
explain  the  observed  fusion  reaction  rates  from  recent  electrolysis  and 
cluster  fusion  experiments,  and  indicates  that  these  fusion  reactions 
may  play  an  important  role  in  various  geophysical  and  asirophysical 
processes  (e  g  ,  p-')  fusion  as  a  source  of  internal  energy  for  planetary 
bodies)  It  is  demonstrated  that  the  electron  screening  efiect  (which  has 
been  observed  in  low  energy  p  and  D  projectile  fusion  reactions  with  He 
and  Li  targets''’)  may  already  be  observable  in  the  lowest  energy  (2keV 
<  E(CM)  <  4  keV)’  meas'ured  D-D  fusion  cross  sections,  and  it  is  em¬ 
phasized  that  there  is  a  need  for  new,  precise,  accurate  measurements  at 
even  lower  energies  of  hydrogen  isotope  fusion  cross  sections  to  further 
investigate  this  effect. 

'S.  Engstler,  et  al.,  Phys.  Lett.  B202,  179  (1988). 

’U  Schroder,  et  al.,  Nucl.  Inst.  Meth.  B40/41,  466  (1989). 

’A  von  Engel  and  C.C.  Goodyear,  Proc.  Roy.  Soc.  A264,  445  (1961); 
A  Krauss,  et  al.,  Nucl  Phys.  A405, 150  (1987). 


10:24 

DCS  Natural  Lov/-Energy  Proton-Dcuteron  Fusion  Processes 
GARY  S.  CHULICK,  YEONG  E.  KIM,  and  ROBERT  A.  RICE, 
Purdue  U. — The  recent  observation  of  high  deuteron-deuteron  fusion 
reaction  rates  from  low-encrgy  electrolysis  and  cluster  fusion  experi¬ 
ments  leads  to  the  intriguing  supposition  that  proton-deuteron  (p-D) 
reaction  rates  are  simiarly  enhanced.  Therefore,  p-D  fusion  may  ihcn 
be  expected  to  play  an  important  role  in  various  geophysical  and  as- 
trophysical  processes  such  as  the  production  of  abnormalous  ®7fe/'i/e 
ratios  from  volcanic  emissions  and  as  an  energy  balance  to  the  excess 
heat  radiation  from  the  outer  planets.  Wc  present  here  a  p-D  fusion 
calculation  that  includes  the  effect  of  electron  screening  and  particle  ve¬ 
locity  distribution  for  an  energy  balance  to  the  excess  heat  gener:>tion 
of  the  planets. 

10:36 

DC  9  The  Physics  of  Cluster  Impact  Fusion  and  Low-Energy 
Deuteron-Deutcron  Fusion  .  YEONG  E.  KIM,  GARY  S.  CHULICK, 
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and  ROBERT  A.  RICE.  Purdue  U  ,  and  M.  RABINOVVITZ,  EPRI- 
The  results  of  recent  experiments'  involving  the  scattering  of  clusters  of 
D2O  molecules  on  deuterated  targets  indicate  an  extra-ordinarily  high 
deuteron-deuteron  (D-D)  fusion  rate.  These  results  are  examined  in 
terms  of  the  electron  screening  effect  and  particle  velocity  distributions 
as  well  as  other  effects  such  as  high  eneigy  contamination,  surface 
layer  penetration  and  reaction  region  compression. 

'R.J.  Beuhler,  et  ah,  Phys.  Rev.  Lett.  03,  i2S2  (1989),  R  J.  Beuhler, 
et  ah,  submitted  to  J.  Phys.  Chem. 


10:48 

DC  10  Hiah-Efficiencv  Neutron  Spectrometers  an 
Detectors.*  J.  BART  CZIRR  and  GARY  L.  JEHSEH.  -- 
series  of  efficient,  low-background  neutron  detector 
has  been  designed  and  built  at  Brigham  Youn 
University.  These  detectors  are  based  upon 
coincidence-calorimeter  principle  and  are  suitable  fo 
measurements  of  weak  sources  of  MeV  neutrons  in  whic 
the  neutrons  are  emitted  singly  or  in  bursts.  A  low 
efficiency  spectrometer  of  this  type  was  utilized  fo 
the  initial  cold  fusion  experiments  at  BYU.fl]  Mor 
recent  detectors  have  greatly  improved  efficiency  an 
also  permit  measurements  of  bursts  of  neutrons. 

The  burst-mode  detector  has  ah  efficiency  of  approx 
20%  for  2.5  MeV  neutrons,  with  a  background  level  o 
20  neutrons  per  hour.  The  high  efficiency  is  achieve- 
mainly  by  providing  a  1  1/2  inch  diameter  cavity  in  th 
detector  body.  Another  detector  in  the  series  is 
combination  spectrometer /burst  mode  detector  wit, 
efficiency  of  10-20%,  depending  upon  the  type  o 
organic  scintillator  employed.  The  spectrometer  mod 
is  useful  for  detecting  single  neutrons  in  the  1-10  He 
range.  The  burst  mode  feature,  which  may  be  use 
concurrently  with  the  spectrometer  function,  is  usefu 
in  detecting  bursts  of  two  or  more  neutrons  and  has  lo 
background  rates. 

1.  J.B.  Czirr  and  G.L.  Jensen,  Nuclear  Instruments  an- 
Methods  in  Physics  Research,  V.A284,  p.365  (1989). 
♦Submitted  by  S.E.  Jones. 


11:00 
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Recent.  Results,  in  Cold  Fusion  EXDeriments.*S.E 
JONES,  D.B.  BOEHLER,  J.B.  CZIRR,  G.L.  JENSEN,  E.P 
P.ALHER,  J.M.  THORNE,  g.F.  TAYLOR,  J.C.  WANG,  Brighai 
Young  University;  H.O.  HENLOVE,  Los  Alamos  Nationa; 
Laboratory;  and  A.N.  ANDERSON,  Boise  Research. — We  havi 
observed  anomalous  neutron  emission  from  metal; 
containing  deuterium,  suggesting  the  occurrence  oi 
nuclear  fusion  at  low  rates  under  unusual  conditions 
Neutron  bursts  of  up  to  450  neutrons  within  a  128  jut 
gate  have  been  registered  in  two  Independent  rings  oj 
’He  gas  tubes  in  CH,  moderator.  The  detector  ii 
segmented,  high-efficiency  (44%  for  ’”Cf  neutrons) 
noise  resistant  and  has  very  low  background  in  tin 
inner  ring  (97  singles  counts/h,  0.7  coincidenct 
counts/h) .  Low-multiplicity  neutron  burst  emission: 
(2-lOn)  are  freguently  seen  above  the  low  background: 
in  metal  +  aeuterium  systems. [1]  Another  detecto; 
involves  a  plastic  scintillator  surrounding  the  sampl< 
for  prompt  neutron  information,  while  moderatei 
neutrons  are  captured  in  ‘Li -doped  glass.  Pulses  an 
digitized  yielding  data  on  pulse  heights  (energies) 
shapes  and  times  between  detected  neutrons. 
♦Supported  by  advanced  Energy  Projects  Division,  U: 
DOE,  and  Electric  Power  Research  Inst.,  Palo  Alto,  CA 
1.  H.O.  Henlove  and  H.C.  Miller,  "Neutron  Burs' 
Detectors  for  Cold  Fusion  Experiments,"  Seventh  Symp 
on  Radiation  Measurements  and  Applications,  Ann  Arbor 
Michigan,  21-24  Kay  1990,  LA-UR  90-1722. 


Supplementary  paper 
DC  12 

Cluster  Impact  Fusion  bv  the  Formation  of  Compact  Electron- 
Deuteron  Resonances  C^J  Benesh,  J.R  Spc.ice  and  J.P.  Vaiy.  Physics 
Department*.  Iowa  State  University.  -  We  speculate  that  the 
anomalously  large  cluster  fusion  yields  measured  at  Brookhaven’ 


may  be  explained  in  terms  of  the  formation  of  compact  electron 
deuteron  resonance  states  with  energies  of  the  order  of  electron  volts 
above  threshhold.  Similar  states  have  been  predicted  to  exist  in  the 
electron-proton  system^,  and  their  geometrical  sizes  have  been 
estimated  to  be  of  order  fermls.  We  argue  that  these  states,  once 
formed,  will  screen  the  Coulomb  repulsloii  between  deuterons  in  a 
maimer  analogous  to  muon  catalysed  fusion,  rdlowlng  fusion  rates 
much  higher  than  what  one  would  ordinarily  expect.  Using  a 
thermodynamic  model  for  tlie  cluster  impact,  we  calculate  the  yield 
of  resonance-  ,,roduccd  per  cluster  Incident  on  the  target.  If  we 
assume  that  each  resonance  formed  produces  one  Rislon  event,  we 
obtain  a  reasonable  quaiitltatlve  description  of  both  the  cluster  size 
and  eneigy  dependence  of  the  observed  fusion  yields. 

•Supported  by  the  USDOE  under  Grant  No.  DE-FG02-87ER40371  and 
Contract  No.  W-7405-ENG-82. 

IrG.  Beuhler.  G.  Frledlandcr,  and  L.  Friedman.  Phys.  Rev.  Lett.  63, 
1292(1989). 

2j.r  Spence  and  J.P.  Vary,  to  be  published 
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J.  W.  Truran,  presiding 

9:00 

DD  I  The  Alpha  capture  on  ^**0  and  Nonstandard  Big  Bang 
Nucleosynthesis*  M.  WIESCHER,  J.  GORRES,  S.  GRAFF, 
Univ.  of  Notre  Dame.  R.E.  AZUMA,  University  of  Toronto.  C.A. 
BARNES,  T.R.  WANG,  C.nlTech.--  Reaction  network  calculation 
for  a  nonstandard  Big  B^g  nucleosynthesis  scenario'  indicated  a 
_  sufficient  reaction  flow  from  n,ass  A  =  12  towards  heavier  ihasses 

A  S  20  via  the  ''*C(a,Y)'®0  reaction  link.  The  rate  of  this  reaction  is 
partly  based  on  theoretical  alpha  cluster  model  studies  of  tlie  '*0 
nucleus?.  We  measured  the  reaction  the  the  range  between  1  MeV 
and  2  MeV  alpha  energy.  The  resonance  strengths  of  the  two 
observed  resonances  were  determined  and  agreed  with  the  results  of 
previous  work^.  Indications  of  a  nonresonant  reaction  component 
were  found  and  will  be  discussed.  The  implications  of  the  results 
on  the  reaction  rate  and  the  reaction  flow  at  big  bang  conditions  will 
be  shown. 

*  supported  by  the  National  Science  Foundation. 

'  J.H.  Applegate  et  al.,  Ap.J.  329,  572  (1988). 

2  C.  Funck,  L.  Langanke,  Ap.J.  344, 46  (1989). 

3  M.  Gai  et  al.,  Phys.  Rev.  C36, 1256  (1987). 

9:12 

DD2  Observation  of  Beryllium  7  in  LEO  Atmosphere. 
S.B.KING,  G.W.FMUUFS,  R.A.AUJjST  &  J.C.RTnEB,  NRL, 
J.H.CUiaHN,  .‘J'chs/Freeman,  P.S.HAaCDB.  U.  Fla.. 
J.B.MCiaSSON,  J.W.ELY  &  A.G.  \)BI5E?;BERGERT~3nsfc7  for 
Space  Sci.  and  Tech. .  R.B.  PIERCEY  &  T.TTYRTFH,  Miss. 

State  U. - We  repoi-t  the  discovery  of  tJ,o  accretion 

of  tBe  onto  the  Long  Duration  Exposure  Facility 
(LDEF) .  This  is  the  first  known  evidence  for 
deposition  of  a  cosmogonic  isotope  onto  a  spacecraft. 
The  IBe  was  observed  during  the  first  y-xay  survey  a 
large  spacecraft  using  an  array  of  gcnn-jiium  detectors 
frem  NRL  and  detectors  from  I^T.  Selected  individua.. 
experimental  trays  were  also  measured  as  they  were 
removed.  The  most  striking  fcavure  of  the  7-ray  data 
vras  the  unexpected  spatial  distribution  of  7Be  which 
was  predoninately  observed  on  the  leading  edges  of  the 
spacecraft  with  a  maximum  surface  density  of  130, <XX) 
atans/cm2.  The  ^Be  deposited  onto  the  surface  of  LDEF 
while  in  lew  earth  orbit  (LEO)  is  apparently  produced 
via  spallation  by  cosmic  rays  of  nitrogen  and  cxygen 
in  the  mesosphere  and/or  stratbsphero. 

9:24 

OD  1  The  Influence  of  Low  Energy  Resonances  in  3lp(p.y)32s* 
C.  ILIADIS,  U.  GIESEN,  J.  GORRES,  L.  VAN  WORMER,  M. 
WIESCHER,  Univ.  of  Noire  Dame.  R.E.  AZUMA,  J.  KING,  M. 
BUCKBY,  University  of  Tgmnto.  C.A.  BARNES,  T.R  WANG. 
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‘  n'cc^iianding  of  ihe  rp-process  nucleosynthesis  in  the 
S:-F-.S  itgi  n  i<  jI  pntiLular  interest  for  the  inicrprcuiion  of  the  recently 
cbrcpvci;  liigli  I'.i  ;r(l  S  ;J>undances  in  novacjecu*.  The  reaction  branch 
boiwrcn  •'Pip.vi  uiJ  MP(p.o)  detennines  whether  the  material  is 
procc?':<:!l  f urther  towards  the  Fe-Ni  region,  or  whether  it  is  stored  in  a 
S;p;’>  eye  le'-  w:i  til  would  lead  to  an  enrichment  in  the  abundances  of  these 
isotope:;.  We  ticreforc  measured  the  ^’P(p,7)^^S  and  the  ^•P(p,o)^*Si 
rcactior;.  iti  Ute  pioicn  energy  range  of  280  S  E  S  830  keV  in  search  for 
resonttvse;:  in  ilic  two  reaction  chaimels.  The  experiments  were  performed 
at  Uic  JM  Van  dc  Graalf  at  the  University  of  Toronto  and  at  the  3MV 

Pelhiror.  at  CalTccb.  Six  resonances  were  observed  in  the  (p,‘))-channel. 
Resonance  strctijjUu  were  obtained  for  all  observed  levels.  The  influettce 
of  these  jcsontuioes  on  the  ^*P(p.y)  and  ^*P(p,a)  reaction  rates  as  well  as 
the  possibility  of  a  liiPSKtycle  at  nova  conditions  will  be  discussed. 

*  supported  by  the  N«ti«ial  Science  Fbundadon. 

'  M.  Wiesclier  el  id..  Astron.  Astrophys.  160, 56  (1986). 

^  M.  Wiesclier,  J.  Cdrres,  Radioactive  Nuclear  Beains,  eds. 

W.D.  Iviycrs,  J.M.  Nitschke,  EiB.  Norman,  World  Scientific. 

Singapore,  p.229.  ( 1990). 
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DD  4  'Ihe  Irflvience  of  Low  Energy  Resomnees  in 
22Neta.fi)^^Mp*-  U.  GESEN,  S.M.  GRAFF.  J.  (jORRES.  M. 
WIF.SCHER,  IJniv.  of  Notre  Dame.  R.E  AZUMA.  J.  KING. 
Univenitv  of  Toronto.  V.  HARMS.  K.-L.  KRATZ,  Univeriitlt 

Mainz.-  The.  ^^NcCa.n)  reaction  is  coatidered  as  an  imported 
rcutn).-i  txiurce  fer  the  s-proccss  in  stellar  He-bumins.  Hosvever,  a 
recent  invostigadoa  of  ^Ne(a.'f).  (a.n)  at  bambaiding  cnerpea  of 
Q.3  -  2.2  MeV>  indicates  that  the  ratio  of  dre  reactioa  rates  for  (a.n) 
ctnci  (a.'f)  is  signiicancly  smaller  than  the  previoosly  adopted  values, 
mainly  due  to  a  r.ctong  resonance  at  0.83  MeV,  which  was  only 
observed  in  the  (a,Y)  reaction.  We  investigated  the  ^Ne(a,n) 
reaction  in  the  cnerf^t  range  of  0.6  -  0,9  MeV  at  the  IN  Van  de 
Groaff  at  the  University  of  Toronto  and  measured  the  neutron  yield 
of  the  0.33  MeV  resonance.  The  resuln  will  be  preaenied  and  the 
impact  on  the  stellar  reaction  rates  discussed. 

*  supported  by  the  National  Science  Fbundatioo. 

1  K.  Wolke,  'V'.  Harms,  H.W.  Becker,  J.W.  Hammer,  K.-L.  Kiaiz, 
C.  Rolfs,  U.  Schroider,  H.P.  Trautvetter,  M.  Wieschcr,  and  A. 
Wbhr,  Z.  Phys.  A334  (1989). 


9:41 

DD3  Study  of  x.  Bobo.  H.  Xnabu,  T. 

N3lcag3»<a,  T.  Suzulcl,  I.  xanlliata,  RlKEll.  fMeo.  SaltMt, 
Japm;  R.X.  Bed,  Inst.  At.  Bitov.  Baljlng;  R.H.  Bo^. 
Depts.  Phvo.  Astrort. .  OtUo  Staf  Oilv.?  K.  Klaura. 
Dept.  Phys. .  Kvuahu  Ohlv, ;  S.  Bdxno,  Inat.  Huclaar 
Science,  miv.  Tedtw:  and  H.S.  Xu,  lhat.  Modem  Phva,. 
Lanzhou — SLijiT.n)  vdiicii  aatea  Hb  and  baavlar  nuc¬ 

lei  in  the  inhonogeneoua  prlaordiatl  raicl aoaynthsala 
oicxiel,  has  been  studied  with  ^Li  baMS  prodnosd  by 
fragmentation  reactions  on  basms  from  tfaa  KlJUJh 
ring  cTclotrcm.  The  Rlken  Projectile  trtgmat  S^srator 
(RIPS)  prociiced  lO^  s"!  ®L1  Ions  at  from  6  to  15  MiV. 
Each  ion  ;assod  througfa  a  tlam-of-fllcfit  aymtau  tdilch 
determined  its  energy,  then  Into  tbs  KHtlSenpUog  Zc»- 
Izatlon  ChaiEber  (MDSIC),  which  aasgwd  out  ItB  trajec¬ 
tory  and  etvergy  loseee.  The  ^He  In  MOSXC  eetvad  aa 
both  target'  and  detector  gaa.  The  incident  ^Li  energy 
spread  together  with  the  energy  loee  of  the  lone  In 
traversii^  MJSIC  detezmlnad'  the  OBKltetlon  functlcn  of 
Interest  In  a  single  been  energy  aettlng.  Reaction 
events  were  .Identified  by  their  chmige  In  dE/4c. 

•Vbrk  supported  in  part  by  MSP  grant  PHSf89-20606. 


lOKX) 

DD6  Elastic  Scattering  of  fiHe.  iBe  end  8U  Radioacrive  NucImi 
nenmfi.  »  R.  J.  SMITH,  J.  J.  KOLATA,  K,  LAMKIN,  A. 
M  O  R  .S  A  D  b.  Ilniv.  Notre  Dame.  K.  ASHKTORAB,  F.  D. 


BECCHETTI,  J.  BROWN.  J.  W.  JANECKE,  W.  Z  LIU^  and  D. 
A.  ROBERTS,  Univ.  Michigan.  -  The  first  systematic  study  of  the 
elastic  scattering  of  the  short-lived  radioactive  beams  of  ^He,  ‘^Be 
and  *Li  has  been  performed  at  bombarding  energies  of  8-22  MeV 
from  a  number  of  targets.  The  results  have  been  analyzed  optical 
model  calculations  and  compared  with  the  parameters  dertved  from 
elastic  scattering  of  stable  nuclcL  The  scattering  of  these  unstable 
nuclei  exhibit  some  anomolous  features  when  compared  to  adjacent 
stable  nuclei. 

a)  Work  supported  in  part  by  the  National  Science  Fbundt^oiu 

b)  Present  address:  Centre  Nationale  de  Recherches  Scientifique, 
Grwpe  PNIN,  23  Rue  du  Loess.  67037  Strasbourg,  FRANCE. 

c)  Present  address:  Clyclotron  Institute,  Texas  A&M  University, 
College  Station,  TX  77843. 


10:12 

DD7  InelaatIc  Scattering  of  Short-lived  Radioactive 
Beama!  »Li.  «  J.  BROWN.  FJ.  BECXaETTI.  WJ.  UU.*  J.W.  JX- 
NECKE  AND  DA.  ROBEKIS,  Univ.  Midtiwa,  J  J.  KOIATA,  KJ.  SMITH, 
K.  LAMKIN  AND  A.  MORSAD,'  Dnhr.  Notre  Dnnie.  R.E.  WARNER, 
ObwUa  Colleg.  -  Blantk  and  inalMtic  scattering  of  *Li  iona  have  been  ob- 
■erved  on  aevenl  target#  at  £  ^  14  MeV  osiag  the  Univenity  of  Michigan  - 
Univenitjr  ct  Notia  Dana  ladioaetive  nndaar  beam  facility.  The  elaetleneat- 
tering  Mggeals  that  k  aMBs  raspacts  *U  la  lees  abaorbed  than  are  *Li  and 
^Li.  Analyait  of  the  kaketie  data  nring  a  dafetmad  *Li  optieal-modri  po¬ 
tential  hai  bean  and  to  dadaea  BE3t  far  *I4o,n>  rdevanoa  of  the  *Li 
ptojactila-  encitarioB  ipaetnm  to  ptadiotad  low-lying  (soft)  eonpoBents  of  El 
gjant-dipola  raMBanoea  k  emtio  naclei  it  dieenmed  aad  liaiib  oo  BElt  to  eueb 
lavcia  k  *U  at  Eg  £  3  Mav  ate  dadnead. 

a)  Work  Npportad  k  part  by  tba  Natknal  SriMira  PbondalioB. 

b)  Praaent  addtaw;  CycMfrM  Inatitnla,  Tbzaa  AfaM  Univereity,  CoBafr  Sta- 
tka,TX  77843 

c)  Piasaat  addrasK  Cmrtia  Natkoaia  da  Raebcrcbea,  SricBtiSque,  Ocoupe 
PNIN,  23  tua  da  Low,  67000  Straaboarg  FRANCE 

10:24 

DD8  Production  of  an  Inoinerlc,  Excited  Radioactive 
Niirlanr  Bitnm.  •  FJ>.  BECCHETTI,  K.  ASHKTORAB,  1.  BROWN, 
J.W.  JANECKE,  DA.  ROBERTS,  J.  VAN  KLINKEN*  AND  W.Z.  UU,‘ 
Unk.  Mkhkan,  J  J.  KOLATA.  K.  LAMKIN  AND  RJ.  SMITH,  Univ- 
Notra  Danm.  R.E.  WARNER.  Oberik  CoBene.  -  A  nmnantom-analysed,  ko- 
nKrie,  radkactiva  beam  (Sg  s  1.1  MaV,  Ti^  s  103  ns)  has  been 
prodnead  with  the  laaetion  ”q‘^0,  at  E(‘^0)  «  70  MaV.  Tba 

kos  ware  fornmed  ooto  a  eeeoBdary  target  askg  a  compact  mpcrcon- 
dacting  aolenoid  kna  aad  acattering  of  fiom  An  aad  carbon  targeti-waa 
observed.  A  coavankn  efllckaey  of  ea.  10*  **F"/i  per  100  partick  nanoampe 
of  **0  was  obtained  nriag  a  1.1  mg/cm*  natural  carbon  tnodnetion  target. 

a)  Work  aoppottad  k  part  by  tba  Natknal  Seknee  Boundatkn. 

b)  Permanent  addiea;  KVI,  U.  Giookgea,  The  Netberknds 

c)  Present  addMs;  Cyclotron  Inatitate,  Tbxai  AfaM  University,  College  Sta- 
tko,  TX  77843 

10:36 

DD9  The  TISOL  Radloact:.-#  .Baana  Facility  at  TRIUMFl 
A  Prorraaa  Report.  JOHN  M.  D'AUUA,  Pant,  of  ChsB.^ 

BfIL _ Kurnahv-  CanetU.  —  jha  thick  cargac  OB-llna 

isotope  aaparator  (TISOL)  located  at  the  500  MEV  proton 
facility,  TRIUMF,  In  Vancouver, '  Canada  la  In'  the  procasa 
of  converting  froa  a  test  facility  dadlcatad  -to  the 
davalopmant  of  systaM  for  an  accalaratad  rndloaetlva 
beams  facility  to  a  production  facility  nc  which  ntudlnn 
of  ths  propartlas  of  nuclldaa  far  from  stnblllty  can  be 
pursued.  The  only  alactron  cyclotron  raaonnnea  (B(3l) 
Ion  source  at  auch  a  facility  In  tho  world  InV  unbd 
routinely  for  tha  afflelant  production  of  rndloaetlva 
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ton  beams  o’*  gaseous  species  and  several  experiments  are 
in  progress  based  upon  its  performance.  A  description 
of  the  separator  will  be  presented  along  with  a  progress 
report  on  the  expansion  of  the  experimental  area. 
Production  yields  for  over  100  isotopes  using  both  the 
ECR  and  heated  surface  ion  source  have  been  measured 
using  TISOL,  these  will  also  be  discussed.  A  review  of 
the  experiments  approved  to  receive  beam  will  be  given 
along  with  initial  results.  A  status  of  the  proposed 
ISAC  (Accelerated  Radioactive  Beams)  facility  will  also 
be  given. 


10:48 
DD  10 

Direct  Hass  Determinations  of  Neutron-Deficient 
Huelel  Close  to  toogn.  G.R.  DYCK,  B.  HAGBERG, 
V.T.  KOSLOWSKY,  J.C.  HARDY,  H.  SCHHEING,  Atomic  Energy  of 
Canada  Lioltcd.  K.S.  SHARMA  and  R.C.  BARBER,  University 
of  Manitoba.  —  Atomic-mass  ratios  of  radioactive 
isotopes  have  bean  measured  directly  with  the  Chalk  River 
on-line  isotope  separator.  Several  Improvements  have 
recently  been  made  to  the  mass-measurement  procedure 
resulting  in  a  reduction  of  our  systematic  errors.  A 
precision  of  1  ppm  in  the  determination  of  unknown  masses 
is  now  routinely  achieved. 

Our  technique  does  not  rely  on  the  direct  counting 
of  the  ions  whose  masses  ace  to  be  compared,  but  on  the 
observation  of  the  specific  radioactive-decay  signature 
of  those  ions.  Consequently,  naturally  occurring  stable 
beams  will  not  disturb  or  bias  our  results. 
Contaminations  from  unwanted  isobars  or  even  isomers,  to 
the  extent  that  they  have  a  different  decay  signature,  do 
not  affect  the  determination  of  peal;  centroids. 

Ve  have  determined  several  mass  ratios  for  isotopes 
close  to  the  proposed  doubly  magic  nucleus  ‘““Sn. 
Systematic  trends  in  the  two-r.eutron  separation  energies 
of  nuclides  in  this  region  will  be  discussed. 


SESSION  DE:  THEORY  III:  HIGH  ENERGY 
Saturday  morning,  27  October  1990 
Room  158,  Loomis  Laboratory  at  9:00 
J.  M.  Lattimer,  presiding 


9.00 

DE  1  Deuberon  Production  and  Flow  in  Energetic 
Heavy-Ion  Collisions.*  P.  Danielewioz,  NSCL,  Michigan 
State  U.  --  Coupled  transport  equations  for  nucleons  and 
deuterons  are  derived  from  nonequllibrlum  many-body 
theory.  Equations  obey  conservation  raws  and  ylaid  the 
proper  thermal  particle  distributions  in  the  static 
limit.  Deuterons  are  produced  in  triple  nucleon  colli¬ 
sions,  In  a  process  that  is  an  inverse  of  the  deuteron 
breakup.  The  matrix  element  squared  for  the  process  can 
be  in  principle  taken  from  the  data  on  the  breakup.  When 
a  mo'*Ified  impulse  approximation  is  used  for  the  element, 
then  the  calculational  procedure  may  be  arranged  in  such 
a  manner  that  it  becomes  similar  to  the  one  in  the  ap¬ 
proach  to  production  by  Reraler  et  al'. 

*  Work  supported  in  part  by  the  national  Science 

Foundation  under  Grant  Ho.  PHY-8905933. 

1.  M.  Gyulassy,  K.  Frankel,  E.  A.  Remler,  Nucl.  Phys. 

AbOB,  596  (1983):  J.  Alohelin,  E.  A.  Remler,  Phys. 

Rev.  C  ’5,  1291  (1987). 


9:12 

DE  2  Expetimantal  Conatrainti  on  In-Medium  EffecU  in  VUV  * 

J  JIANG,  J  COGAR,  G  FAI,  AND  D.  KEANE,  Kent  State  University, 
C  HARTNACK  and  H  STOCKER,  U.  nt  FranVfurt— The  interpretation 
of  many  heavy-ion  experiments,  and  partkuiariy  the  inference  of  proper¬ 
ties  of  the  nuclear  equatiu,',  of  state,  lelier  heavily  on  comparisons  mth 


nuclear  transport  thcones  such  as  the  Vlasov-Uehhng-Uhlenbeck  (VUU) 
model.  Such  models  ate  based  on  assumptions  about  the  modiAcation  of 
free  nucleon-nucleon  scatteii.vg  cross  sections  in  the  nuclear  medium.  These 
assumptions  have  been  tested  through  comparisons  of  VUU  predictions 
with  inclusive  fragment  momentum  spectra  for  collisions  of  C,  Nc,  Ar  and 
La  projectiles  at  bombarding  energies  between  0.4  and  2.1  GeV/nucleon. 
Good  agreement  is  found  within  experimental  uncertainties,  although  these 
uncertainties  are  generally  too  large  to  adequately  constrain  the  models. 
•Supported  by  US  DOD  Grants  DE-FG02-86ER40251  and  DE-FG02- 
89ER40531  and  by  NSF  Grant  INT-88133S1 

'!!.  Kruse,  B.V.  Jaeak  and  H.  Stocker,  Phys.  Rev.  Lett.  64,  289  (1985). 
*S.  Nnganiiya  et  al,,  Phys.  Rev.  024,  971  (1981);  D.  Keane  et  al,,  Phys. 
Rev.  C37,  1447  (1988);  S.  Hayashi  et  al,,  Phys.  Rev.  C38,  J229  (1988). 


9:24 

DE  3  CharRC  Dependence  of  Electromagnetic 

Cross  Sections  for  Single  Nucleon  Removal  in  Nucleus- 
Nucleus  Collisions*  John  W.  Norburj,  Rider  College. — Single 
nucleon  removal  in  relativistic  and  intermediate  energy  nucleus- 
nucleus  collisions  is  studied  using  a  generalization  of  VVeizsacker- 
Williams  (WVV)  theory  that  treats  each  electromagnetic  (EM)  mul 
tipole  separately.  Calculations  are  presented  for  electric  dipole  (El) 
and  quadrupole  (jE2)  excitations  and  incorporate  a  realistic  mini¬ 
mum  impact  parameter  and  low  energy  Coulomb  recoil  correction. 
An  analysis  of  the  cliargc  dependence  of  the  EM  cross  sections  from 
200  GeV/N  all  the  way  down  to  100  MeV/ N  is  made  showing  that 
a  plot  of  charge  dependence  versu-  -nergy  does  not  follow  a  single 
universal  curve.  Even  though  the  WW  formalism  should  not  be 
applied  to  lower  energies,  nevertheless  it  has  been  found  that  the 
charge  dependence  of  WW  theory  is  exactly  the  same  as  the  gener¬ 
alized  theory  for  all  energies  studied.  "Supported  by  NASA  Grant 
NAG.1-1134 


9:36 

DE4  Statistical  Model  Calculations  in  Highly  Excited 
Compound  Nuclei  with  PACEX.*  N.G.  NICOLIS,  Washing¬ 
ton  University  and  J.R.  BEENE,  Oak  Ridge  National  Laboratory. 
-  The  need  for  statistical  model  calculations  in  highly  excited 
compound  nuclear  systems  has  prompted  the  development  of  a 
high  excitation  energy  version  of  the  Monte-Carlo  code  PACE'J. 
Features  of  the  upgraded  version,  called  PACEX,  include:  (l) 
Extension  of  the  allowed  particle  decay  modes  to  n,  p,  a,  d,  t, 
•He  and  ®Li  emission,  (2)  An  improved  treatment  of  the  trans¬ 
mission  coclHcicnts  for  charged  particle  emission,  (3)  The  ability 
of  simulating  decays  from  deformed  emitting  systems*',  (4)  An 
improved  treatment  of  the  nuclear  level  densities,  and  (5)  A  wei- 
hted  Monte-Carlo  option  for  the  treatment  of  high  energy  qr-ray 
emission.  Applications  of  the  code  in  different  reaction  systems 
will  be  discussed. 

*  ‘Work  supported  by  the  U.  S.  Department  of  Energy. 

1.  A.  Gavron,  Phys.  Rev.  C21,  230(1980). 

2.  N.G.  Nicolis  et  al.,  Phys.  Rev.  C41,  2118(1990). 


9:48 

DE5  Direct  Pions  in  Heavy  Ion  Collisions,  B.A.  LI  and  W. 
BAUER,  MSU-NSCL*  -  We  present  a  study  of  pion  production 
in  heavy  ion  collisions  of  beam  energies  around  1  GeV/nucIcon. 
This  is  acutmplished  with  a  new  heavy  ion  transport  computer  pro¬ 
gram  based  oi.  the  Boltzmann-Uchling-Uhlenbcck  formalism.  Wc 


Vol.  35,  No.  8  (1990) 


1675 


Saturday  Afternoon 


incutjiorate  tlie  resunant  production  of  pious,  througli  A  and  N* 
resonances  as  vvcll  as  the  direct  pion  production  process  in  nucleon 
nucleon  collisions.  The  question  if  direct  pions  can  be  responsible 
for  the  second  “temperature"  component  observed  in  pion  spectra 
is  investigated. 

*  Work  supported  by  the  National  Science  Foundation  under  Grant 
PHY-890G116. 


10.00 

DE6  Ciitical  Pion  Opacity,  W.  BAUER.  MSU-NSCI/  -  The 
new  effect  of  critical  pion  opacity  is  proposed.  It  is  a  reduction  of 
the  emission  probability  for  central-rapidity  pions  in  tlie  vicinity  of 
the  critical  point  of  the  nuclear  “liquid-gas"  phase  diagram.  We 
show  in  a  strongly  simplified  model  how  this  effect  can  arise,  and 
we  discuss  how  it  could  be  measured  in  central  symmetric  heavy 
ion  collisions  at  beam  energies  of  around  100  MeV  per  nucleon. 

'  Work  supported  by  the  National  Science  Foundation  under  Grant 
PlIY-8906116. 

10:12 

DE7  Ei.on  Double  Charge  Exchange  from  the 

Eion.  Cloud  in  Nuclei.  M.  B.  JOHNSON,  Lo.s  Alamo.s 

- Lah..^,  E  OSET,  Univ.  of  Valencia.  H. 

SARAFIAN,  genn. _ state  Univ.  at  York.  E.  P. 

SICILIANO,  Lsis _ Alamos  Nat.  Lah .  .  and  M 

VICENTE- VACAS,  Univ.  of  Reoenshiiro. —  We  have 
made  an  effort  to  assess  the  importance  of  pion 
double  charge  exchange  (OCX)  from  the  pion 
cloud  in  nuclei  with  low-energy  incident  pions. 
Our  model  includes  sequential  scattering  and 
the  delta-nucleon  interaction  mechanisms  using 
the  results  of  Ref.  1.  Scattering  from  the 
pion  cloud  is  calculated  using  the  model  of 
Ref._  2.,  in  which  the  pion-pion  scattering 
amplitude  and  its  corresponding  contact  term 
are  taken  from  the  VJeinberg  Lagrangian.  We 
will  compare  our  rest  .s  to  experiments  from 
^‘'C,  ^2ca,  “i^Ca,  and  ^8ca  targets,  using 
realistic  shell-model  descriptions  of  the 
ground  state. 

^E.  R.  Siciliano,  M.  B.  Johnson,  and  H. 
Sarafian,  Ann.  of  Phys.fN.Y.)  to  be  published. 

2e.  Oset,  D.  Strottman,  M.  Vicente-Vacas,  and 
W.-S.  Ma,  Nucl.  Phys.  A.  461  (1983). 

10:24 

DE  8  Spectator  Recoil  and  the  Nuclear  Matter  Equation  of  State  ' 

Y  SlIAO,  G  FAI,  AND  D  KEANE,  Kent  State  University— Attempts  to 
extract  the  equation  of  state  of  nuclear  matter  from  nuclear  collision  data 
typically  rely  on  complieated  measurements  and  sophisticated  models. '  In 
contrast,  we  investigate  the  sensitivity  of  a  simple  particle-inclusive  observ 
able,  the  momentum  downshift  of  spectator  fragments,  to  the  equation  of 
state  In  the  framework  of  a  geometrical  model.  For  simplicity,  we  assume 
the  momentum-independent  parametriraticn  of  the  nuclear  mean  field.’ 

We  study  the  propagation  of  the  eqiiation-of-statc  information  from  the 
participant  region  to  the  spectators  via  the  nuclear  mean  held.  The  specta¬ 


tor  downsli.ft  is  connected  to  the  6ounce-oj(f phenomenon.’  The  model  can 
be  extended  to  accommodate  more  complicated  ^momentum-dependent) 
potentials.  Results  will  be  compared  to  available  data. 

"Supported  by  US  DOE  Grants  DE-FG02-8GER40251  and  DE-FG02- 
89ER40531  and  by  NSF  Grant  1NT-88I335! 

*H.  Stocker  and  W.  Greiner,  Phys.  Rep.  137,  77  (1986). 

’G.  F.  Bertsch  and  S.  Dos  Gupta,  Phys.  Rep.  100,  189  (1988). 

=’H.  A.  Gustalsson  ei  al.,  Phys.  Rev.  Lett.  62,  1590  (1984). 


10-36  _ 

DE  9  Bound  States,  Rcsonanecs,  and  Poles  in  ifJV  In¬ 

teractions  with  Nucleons  and  Nuclei.  R.H.  LANDAU,  G.  HE, 
P.J.  FINK,  and  J.  SCHNICK,  Oregon  State  University*. —  The  lo¬ 
cations  of  the  dynamic  poles  in  the  complex  energy  planes  of  the 
T  matrix  for  the  coupled  (AN, It,  Ax)  sys'em  are  calculated  for 
the  cloudy  bag  model  tCBM)  and  several  potential  models.  Each 
potential  model  is  found  to  produce  either  one  or  no  poles,  while 
th_  CBM  io  found  to  support  two  —  thus  explaining  the  unusual 
behavior  of  the  T  matrices  for  the  CBM.  In  all  cases,  the  poles’ 
energies  are  different  from  the  energies  of  the  A*  (1405)  determined 
by  phenomenological  analyses  along  the  real  energy  axis. 

These  models  are  also  used  to  construct  microscopic,  momen¬ 
tum  space,  optical  potcntilas  including  complete  Fermi  averaging, 
three  body  dynamics,  nonlocalities,  and  the  exclusion  principle. 
Nuclear  bound  states  are  found  al  the  complex  energy  zeros  of  the 
Fredholm  determinant.  The  elementary  interaction  which  provided 
agreement  with  the  energy  shift  in  kaonic  hydrogen  is  also  found 
to  provide  agreement  with  strong  interaction  shift  in  carbon.  A 
hypemuclear  state  bound  by  46  MeV  with  a  width  of  18  MeV  is 
predicted. 

•Research  supported  in  part  by  the  U.S.  Department  of  Energy. 


10.48 

DE  10  Lattice  calculation  of  tnuon  pair  produ¬ 
ction  with  capture  at  RHIC  energies.  A.S.  UMAR, 
V.E.  OBERACKER,  J.C.  WELLS,  Vanderbilt  Univ. . 
J.  WU,  M.R.  STRAYER,  C.  BOTTCHER,  ORNL.*  ~ 
Heavy-ion  beams  in  a  relativistic  collider 
generate  very  strong  transient  EM  fields  (E^iax 
=  10^^  V/m  for  U+U  at  100  GeV/n)  which  produce 
lepton  pairs  in  large  numbers.  Dilepton  produ¬ 
ction  followed  by  capture  of  the  negatively 
charged  lepton  into  an  atomic  bound  state  is 
one  of  the  most  serious  beam-loss  mechanisms 
for  RHIC.  Because  the  effective  QED  coupling 
constant  Za  is  of  order  O.S  for  heavy  nuclei, 
perturbation  theory  is  not  applicable.  We 
utilize  a  novel  lattice  technique  (Basis-Spline 
collocation  method)  for  the  solution  of  the 
Dirac  equation  in  the  presence  of  strong  time- 
dependent  external  EH  fields.  Numerical  results 
for  the  impact  parameter  and  beam  energy 
dependence  of  the  pair  production  probability 
will  be  presented  for  Ca-tCa,  Zr4-Zr  and  Au-fAu. 

*  Supported  by  grants  from  DOE  and  the  National 
Center  for  Supercomputing  Applications  (NCSA) 


INVITED  SESSION  EA:  EXPLORING  THE  NUCLEUS  WITH  HEAVY  IONS 

Saturday  afternoon,  27  October  1990;  Room  141,  Loomis  Laboratory  at  14:00;  C.  Gossett,  presiding 

14:00 

EA  1  Gamma-Ray  induced  Doppler  Broadening.  S.  J.  ROBINSON,  Imiilui  Laue-Langevin,  France. 

A  technique^  has  recently  been  developed  at  the  ILL  Grenoble  whereby  nuclear  excited  level 
lifetimes  can  be  measured  by  observation  of  the  Doppler  broadening  of  depopulating  transitions. 
Unlike  standard  heavy  ion  techniques  (eg  DSAM),  -where  the  recoil  velocity  is  a  significant 
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fraction  of  c,  this  recoil  is  induced  by  preceding  gamaa  ealsslon  and  is  only  10  to  10  c, 
with  a  subsequent  Doppler  shift  of  only  a  feu  eV.  This  is  observed  with  a  two  axis  flat  crystal 
2 

spectrometer  with  ultra  high  resolution.  By  comparing  the  measured  line  shapes  with  those 
calculated  using  a  model  of  the  slowing  down,  level  lifetimes  can  be  extracted.  Thu  technique 
is  sensitive  to  lifetimes  below  a  few  ps.  In  conjunction  with  the  neutron  capture  reaccion 
(which  is  non  structure  selective)  this  method  offers  a  unique  opportunity  to  measure  the 
lifetimes  of  low  spin  states  at  relatively  high  excitation  energy  (up  to  3MeV)  and  thus  provides 
bl  ingent  tests  for  many  nuclear  models.  Further,  the  resolution  of  the  spectrometer  is  such 
that  even  the  Doppler  broadening  of  recoils  below  the  atomic  displacement  threshold  energy  can 
be  observed. 

iH.G.  Borner  et  al,  Phys.  Lett.  B215,  45  (1988). 

2H.S.  Dewey  et  al,  Nucl.  Inst.  Heth  A284, .151  (1989). 


14:36 

EA  2  Angular  Momentum  and  Cross  Section  in  Subbarrier  Fusion.*  D.  E.  DiGregorio,  Lawrence  Berkeley  Laboratory. 


Recently,  we  observed  a  finite  lover  limit  for  the  average  angular  momentum,  <1>,  in  a  heavy-ion 

22  128  1  2 
reaction,  C  +  Te,  at  energies  far  below  the  barrier.  ’  This  phenomenon  is  fundamental  in 

that  it  is  a  feature  of  all  models  for  barrier  penetration,  but  it  occurs  at  energies  where  the 
cross  sections  are  very  small.  The  experimental  technique  we  used  was  to  measure  the  ratio  of 
the  population  of  a  high  spin  Isomer  to  that  of  a  low  spin  ground  state  in  the  heavy  residual 

nucleus  ^^^Ce.  Absolute  values  of  <f>  deduced  from  the  Isomer  ratios  and  the  fusion  cross 
sections,  ®£„g(E).  are  also  of  Interest  because  they  provide  an  Independent  experimental 

approach  to  the  problem  that  the  theoretical  values  of  <i>  disagree  with  those  deduced  from 
fission  fragment  angular  distributions  and,  sometimes,  from  gamma-ray  multiplicities.  This 
discrepancy  has  been  an  important  and  perhaps  the  central  problem  in  studies  of  subbarrier 
fusion  for  several  years.  The  double  requirement  of  reproducing  both  the  <^£yg{E)  and  the  <i> 

places  a  strong  constraint  on  a  model  because,  within  a  given  model,  the  average  angular 
momentum  and  the  energy  dependence  of  the  cross  section  are  intimately  related.  We  compare  all 
available  data  on  the  first  or  second  moments  of  the  spin  distributions  and  the  corresponding 
Ojyg(.  with  theory.  The  re<'''''t<i  o*  this  systematic  analysis  will  be  presented  and  discussed. 

^Supported  by  U.S.  Department  of  Energy  under  Contract  No.  DE-AC03-76SF0009B. 

»R.G.  Stokstad  et  al,  Phys.  Rev.  Lett.  62,  399  (1989). 

>D.E.  DiGregorlc  et  al,  submitted  to  Phys.  Rev.  C. 


15:12 

EA  3  The  Rainbow-Shift  Mechanism  Behind  Discrete  Optieal  Potential  Ambiguities.*  K.  W.'mvVOY,  University  oj  IVisconsin-Madison. 


We  present  a  discu.  lon  of  the  physical  significance  of  optical-potential  ambiguities,  motivated 
by  recent  successes  in  determining  unambiguous  potentials  for  certtin  ’transparent*  light-ion 
12  12 

systems  like  C  +  C.  These  ambiguities  turn  out  to  be  a  direct  consequence  of  the  occurrence 
of  nuclear  rainbows,  whose  signature  is  a  series  of  broad  Airy  maxima  and  minima  in  the  farsldc 
cr'iponent  of  the  corresponding  scattering  amplitude.  In  most  heavy-ion  angular  distributions 
measured  so  far,  these  maxima  are  badly  obscured  by  superimposed  higher-frequency  Fraunhofer 
oscillations;  consequently  rainbows  in  general,  and  their  role  in  discrete  ambiguities  in 
particular,  have  frequently  gone  unnoticed.  A  study  of  several  recent  cases  shove  the  nearside 
component  of  the  elastic  scattering  amplitude  to  be  essentially  independent  of  V^,  the  depth  of 

the  real  part  of  the  optical  potential, while  the  entire  farside  Airy  pattern  shifts  to  larger 
angles  with  increasing  V^.  The  discrete  potential  ambiguitie.s  occur  simply  because  appropriate 

increases  in  can  shift  Airy  minimum  n  to  position  n  +  1,  n  +  2  ,  etc.,  bringing  the 

farside  back  in  phase  with  itself  and  so  restoring  the  forward  section  of  the  angular 
distribution.  This  occurs  even  when  these  minima  are  'lost*  under  Fraunhofer  fringes  which 
obscure  the  underlying  rainbow  phenomenon.  This  rainbow  mechanism  is  found  to  be  equivalent  to 
the  increment  of  n  in  lov-i  phase  shifts  noted  long  ago  by  Drisko,  Satchler  and  fiassel; 
physically,  it  unambiguously  signals  deep  interpenetration  of  the  two  nuclei  during  the 
scattering. 

♦Supported  in  part  by  the  National  Science  Foundation 


15:48 

EA  4  Resonances  in  the  Electron-Positron  System.  J.  P.  VARY,  Iowa  State  University. 


Exceedingly  narro  v  resonances  in  the  electron-positron  system  are  obtained  in  scattering  solutlorks  to  three  dlfierent 
relativistic  two  body  wave  equations  which  are  developed  from  various  approxlmaLons  to  QED^.  Complete  treatment 
of  the  transverse  photon  exchange  contributions  Is  essential.  The  corresponding  R-matrlces  arc  solved  in  the 
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L=l,  S=1  channel  and  the  same  ste  resonances  are  .obtained  between  1.25  and  2.25  MeV  in  all  three  cases.  The  resonant 
energies  are  1.351. 1.498, 1.659. 1.830, 2.009,  and  2.195  MeV.  Analysis  of  the  intcracUon  reveals  that  the  resonances  are 
short-distance  phenomena  occurring  on  a  length  scale  of  30  fm.  The  close  spaclngs  of  the  resonances  are  attributable  to 
a  strong  momentum  dependence  of  the  Interactlon.The  widths  are  calculated  to  be  so  narrow  as  to  be  consistent  with 
zero.  Since  the  scale  Is  radically  dllferent  from  the  posltronlum  scale  and  the  widths  are  small  for  decay  to  the  elastic 
charmel.  these  resonances  Cre  quasi-bound  states  of  a  system  labelled  "photonlum".  These  parameter-Jree  results  for 
photonlum  generate  a  provocative  basis  for  the  interpretation  of  the  e+e"  coincidence  peaks  from  heavy  ion  scattering 
experiments.  A  comparison  of  the  theoretical  spectra  of  photonlum  with  these  e^e"  comcldence  spectra  and  a 
discussion  of  th  j  conflicting  Bhabha  scattering  experiments  will  be  presented. 

•Supported  In  part  by  the  USDOE  under  Grant  No.  DE-FG02-87ER40371. 

^J.R  Spence  and  J.P.  Vary.  "Resonanc«s  In  e+e'  Scattering",  preprint.  The  results  reported  In  this  talk  were  achieved  m 
a  set  of  collaborations  with  John  R.  Spence. 


SESSION  EB:  ELECTRON  SCATTERING 
Saturday  afternoon,  27  October  1990 
Room  151,  Loomis  Laboratory  at  14:00 
M.  K.  Brussel,  presiding 

14:00 

EB  I  Compton  Scattering  from  the  Proton  from  140  to  280 
MeV.  B.  MACGIBBON,  F.  FEDERSPIEL,  A.  NATHAN,  IL 
of  Illinois:*  D  AMENDT,  J  BERGSTROM,  H.  CAPLAN, 
E.  HALLIN,  R  IGARASHI,  D  SKOPIK,  Sa.skatchewan  Acceler¬ 
ator  Laboratory;  E.  BOOTH,  D.  DELLI  CARPINI,  J.  MILLER, 
Boston  U.*:  D.  MACK,  TRIUMF-Aneular  distributions  for 
Compton  scattering  have  been  measured  for  the  proton  at  mean 
photon  energies  of  146,  183,  225,  and  281  MeV  using  the 
bremsstrahlung  endpoint  technique.  Scattered  photons  were  de¬ 
tected  in  a  large-volume  Nal  spectrometer,  which  had  sufficient 
energy  resolution  to  distinguish  the  Compton  photons  from  the 
neutral  pion  decay  photons.  Data  were  taken  at  CM  scattering 
angles  between  31°  and  142°.  The  cross  sections  generally  increase 
from  pion  threshold  as  the  A  resonance  is  approached,  while  the 
angular  distributions  evolve  from  an  extreme  backward  peaking 
near  pion  threshold  to  a  shape  more  symmetric  about  90°  near 
the  A.  The  data  will  be  compared  to  previous  scattering  data  as 
well  as  to  calculations  based  on  dispersion  relations. 

'Supported  by  the  National  Science  Foundation. 


14:12 

EB  2  Elastic  Photon  Scattering  from  '‘He  between  24  and  72 
MeV.  D.P.  WELLS  U.  ofW^hington.  D.S.  DALE,  R.A.  EISEN- 
STEIN,  F.J.  FEDERSPIEL,  .M.  LUCAS,  K.  MELLENDORF, 
A,M.  NATHAN,  A.E.  O’NEILL  U.  of  Illinois'-Elastic  photon  scat¬ 
tering  diiterential  cross  sections  from  ‘He  have  been  measured  be¬ 
tween  24  and  72  MeV  at  two  angles  using  tagged  monochromatic 
photons.  .At  the  higher  energies  a  significant  contribution  to  the 
process  originates  with  scattering  from  the  individual  nucleons  and 
nucleon  pairs  We  therefore  expect  the  measurement  to  be  sen¬ 
sitive  to  the  combined  effects  of  nucleon  substructure,  specifically 
the  electromagnetic  polarizability  of  the  bound  nucleon,  and  meson 
exchange  currents.  In  addition,  at  energies  above  the  giant  dipole 
resonance,  the  isovector  giant  quadrupolc  resonance  contributes  to 
the  scattering.  Our  purpose  is  to  provide  data  of  sufficient  quality 
to  allow  meaningful  tests  of  present  descriptions  of  such  e.Tects. 
Final  results  will  be  presented. 

'Supported  by  the  National  Science  Foundation. 


14:24 

EB3  ELASTIC  ELECTRON  AND  POSITRON  SCATTER¬ 
ING  FROM  »C  AND^Pb'.  A.J.  Linze^,  V.  Breton^  P.  Dri- 
catilP,  L.S.  Cardmar?,  B.  Froi^,  D.  Gouitt?,  D.B.  Isabelle?,  L.C. 
Maximon*,  E.A.J.M.  Offermanr?^,  X.H.  Phan?,  S.K.  Platchhoi?, 

I.  SicI?,  S.E.  WtUiamsoiP,  *Univ.  of  Basel;  ^Nucl.  Phys.  Lab, 
Univ-  of  Illinois,  ^Inst.  fur  Kernphysik,  Mainz,  ‘NIST,  Washing¬ 
ton,  DC;  ^DPhN/SPE  Saclay.  Nuclear  structure  information  is  e.x- 
tracted  from  electron  scattering  data  in  a  one-photon  exchange  ap¬ 
proximation,  modified  to  account  for  the  distortion  of  the  electron 
wave  function  and  radiative  effects.  The  validity  of  this  approxi¬ 
mation  can  be  tested  by  comparing  the  scattering  of  electrons  and 
positrons  from  nuclei.  We  have  measured  elastic  scattering  cross 
sections  for  both  positrons  and  electrons  from  lead  for  momentum 
transfers  between  1  and  2  fm"*  and  from  carbon  between  1  and 
1.4  fm~*.  The  modest  deviations  of  these  data  from  the  predictions 
of  phase  shift  calculations  set  limits  on  the  presence  of  higher-order 
cifects  in  the  scattering. 

'Supported  in  part  by  NSF  grant  PHY-86-10493. 

14:36 

EB4  -  Low  Energy  180°  Scattering  from  the  110  keV 
1/2-  State  in  *®F',  J:P.  Connelly,  H.  Crannell,  L.W.  Fogg,  J.T. 
O’Brien,  M.  Pclraitis,  D.I.  Sober,  Catholic  University  of  America. 
.T.R.  Dciningcr,  S.E.  Williamson,  Univ.  of  Illinois  —  Low 
momentum  transfer  {q  <  O.D/m”*)  electron' scattering  transverse 
cross  sections  have  been  measured  on  the  110  keV  1/2“  excitation 
in  *®FI  The  data  was  taken  at  the  University  of  Illinois  microtron 
using  the.. Catholic  University  180°  system  with  electron  beam 
energies  between  24  MeV  and  90  MeV.  The  El  transition  rate 
from  the  \f2*'  ground  slate  to  the  1/2”  excitation  is  of  interest 
since  these  states  constitute  a  parity-mixed  doublet.  This  doublet 
has  been  the  subject  of  a  search  for  parity  non-conservation  in 
order  to  determine  the  weak  component  of  the  nucleon-nucleon 
interaction*  Although  both  the  longitudinal  and  transverse 
form  factors  have  been  mapped  at  higher  momentum  transfer 
(q  >  l/m"*),  no  previous  electron  scattering  data  have  been 

measured  at  lower  momentum  transfer.  The  extension  of  the  data 
to  low  momentum  transfer  permits  a  more  accurate  determination 
of  the  1/2"  -♦  1/2'*'  transiton  rale. 

l.)B.G.  Adclbcrgcr  and  W.C.Haxlon,  Ann.  Rev.  Nucl.  Phys.  35. 
501(1985). 

♦  Supported  in  part  by  the  National  Science  Foundation 
14:48 

EB5  "Electroexcitation  of  Low-Multipolarity 
Transitions  in  ’"Si."  M.  PETRAITIS,  J.  CONNELLY, 
H.  CRANNELL,  L.  FAGG,  J.  O'BRIEN,  and  D.  SOBER, 
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CATHOLIC  UNIVERSITY,  R.  LINDGREN,  U.  VA. .  and 
R.  DEININGER,  and  S.  WILLIAMSON,  UIUC— A  study  of 
Ml  and  M2  transitions  in  ^“Si  has  been  conducted 
using  the  CUA-UIUC  180®  electron  scattering 
system.  This  work  complements  the  resonance 
fluorescence  measurement*'  of  Ml  transitions  in 
this  nucleus  below  the  particle  emission 
threshold.  Preliminary  energy  and  multipolarity 
assignments  and  reduced  transition  matrix 
elements  will  be  presented. 

‘Work  supported  in  part  by  NSF  under  Grunt  NO. 
PHY8820654 

'U.E.P.  Berg,  et  al.,  Phys.  Lett.  140B,  191(1984) 


15:00 

EB  3  Q^asielastiC-Rl .  t  Response  Functions  of  3He  and  ‘»He  at  = 

UGeV/cV.  Z.  ME2:tANl.  G.  DODGE,  T.  KOH,  .Stanford  J. 
CHEN,  L.  CHINTTZ,  D.  DAY,  K.  GIOVANETTI,  J.  MCCARTHY, 
R.  MINEHART,  O.  RONDON  ARAMAYO,  R.  SEALOCK,  C. 
SMITO  S.  THORNTON,  U.  Virginia.  D.  BECK,  G.  BOYD,  B. 
FILLIPONE,  J.  JOURDAN,  R.  McKEOWN,  R.  MILNER,  D. 
POTTERVELD,  R.  WALKER,  C.  WOODWARD,  Caltech.  L. 
DENNIS,  K.  KEMPER,  Florida  State  U..  J.  MORGENSTERN, 
Saclav.  I.  SICK,  W.  LORENZON,  U.  Basel-Inclusive  electron  ci 
sections  of  ^He  and  ^He  have  been  measured  at  SLAC  (NPAS).  The 
data  cover  the  quasielastic  and  A  region  at  incident  energies  ranging 
from  0.9  to  4.3  GeV  and  two  scattering  angles  15®  and  85®.  The 
transverse  and  longitudinal  response  functions  of  ^He  and  '*He  have 
been  extracted  using  the  Rosenbluth  technique  at  =  l(GeV/cy^.  An 

analysis  in  terms  of  scaling  properties  reveals  a  new  behavior  of  the 
data  when  compared  to  low  momennim  transfer  results.  The  Coulomb 
sum  rule  is  also  investigated  in  these  light  nuclei. 

‘Supported  by  the  U.S.  Department  of  Energy  under  contract  DE- 
FG03-88ER  40439. 


15:12 

EB  7  Off-shcll  Nucleon  Form  Factors  and 

Off-shcll  Electron  Nucleon  Scattering  X.  SONG,  J.  P.  CHEN, 
J.  S.  MCCARTHY'  INPP.  Univ.  of  Virginia.  -  -  A  relativistic 
gauge  invanant  7NN  vertex  has  been  discussed  when  the  initial 
nucleon  is  off  mass  shell.  Using  the  Ward  identity,  several  model 
independent  relations  obeyed  by  the  off-shcll  form  factors  arc 
derived  and  verified  in  a  simple  dynamical  model.  The  off-shcll 
behaviour  of  the  form  factors,  electron  nucleon  cross  sections  and 
quasiclostic  electron  nucleus  scattering  cross  sections  are  also  dis¬ 
cussed. 

*  Supported  in  part  by  the  DOB  and  the  Virginia  Commonwealth 
Center  for  Nuclear  and  Particle  Physics. 


15:24 

EB  8  Parity  Violation  in  Elastic  Electron-‘^C  Scattering.  CUNY® 
-  Harvard®  -  MIT®  -  Missouri-Rolla'*  -  Princeton'  -  Syracuse'^  - 
Yale®  Collaboration.*  K.  Isakovich,®  J.  Bellanca,®  G.  D.  Cates,®’® 
G.  W.  Dodson,®  K.  A.  Dow,®  M.  Farkhondch,®  R.  Holmes,'  V.  W. 
Hughes,®  T.  J.  Gay,**  D.-H.  Kim,'^  S.  Kowalski,®  K.  S.  Kumar,'^ 
M.  S.  Lubell,®  R.  Michaels,®  J.  S.  Patch, ^  H.  R.  Schaefer,®  M.  B. 
Schulze,'^  P.  A.  Souder,-^  R.  Wilson.®  —  At  the  MIT  Bates  Linear 
Accelerator  Center  we  have  measured  the  parity-violating  clec- 
troweak  asymmetry  in  the  elastic  scattering  of  polarized  electrons 
from  '^C  nuclei.'  A  source  based  on  photoemission  from  a  GaAs 
crystal  provided  a  polarized  beam  with  an  intensity  typically  be¬ 
tween  30  and  60  pA.  Scattered  electrons  with  a  momentum  trans¬ 
fer  Q  of  150  McV/c  were  detected  with  a  pair  of  quadrupolc  spec¬ 
trometers.  Our  result  is  Aj-p  =  0.60±0.I4  ±0.02  ppm,  where  the 
first  error  is  statistical  and  the  second  is  systematic.  With  a  beam 
polarization  of  0.37,  we  compute  the  isoscalar. vector  hadronic  cou¬ 


pling  constant  y  to  be  0.136  ±  0.032  ±  0.009.  The  Standard  Model 
predicts  7  =  0.155  at  the  tree  level,  in  agreement  with  our  data. 

’Research  supported  in  part  by  the  U.  S.  Department  of  Energy. 
‘G.  Felnberg,  Phys.  Rev.  D  12,  35'/5  (1975). 


15:36 

EB  V  ETA  Phoionrixiiiciion  From  the  Proton  Near  Threshold*. 
S.A.  DYTMAN,  C.W.  ALCORN,  W.W.  DAEHNICK,  J.  HARDIE, 
M.  YAMAZAKl,  Universilv  of  Pnisbiireh:  E.  BOOTH,  J.  MILIJER; 
Bo-stoii  Universiiv:  M.J.  LEITCH,  S.MISHRA  and  J.C.  PENG;  Los 
Alamos  Naiional  Laboratory:  D.  TIEGER  and  K.  F.von  REDEN; 
MIT-Baies  Laboratory  Differential  cross  sections  have  been  measured 
for  production  of  eta  mesonsfrom  a  liquid  hydrogen  target.  We  hope 
to  learn  more  about  photon  coupling  ofthe  proton  to  T=l/2 
resonances.  From  previous  data  of  20  years  ago,  thereaction  is  felt  to 
be  dominated  by  intermediate  states  involving  the  Sii(1535)N* 
rcsunant-c.  The  purpose  of  this  experiment  was  to  investigate  this 
dominanuc  further  with  an  emphasis  on  the  region  near  threshold 
where  there  is  no  previous  data  and  any  competing  reaction 
meuluiiiisiiis  will  be  most  easily  seen.  The  experiment  was  done  with 
a  B.xmsstrahlung  beam  at  the  MIT-Bates  Laboratory.  Etas  were 
detected  via  the  39%  decay  branch  to  2 photons,  using  two  towere  of 
Pb-gias.>  b!vx.ks.  Angular  distributions  will  be  presented  for  photon 
beam  energies  of  720  and  750  MeV.  We  are  also  generating  a 
muliipole  fit  to  all  the  eta  photoproduction  data  assuming  resonance 
dominance  and  a  background  of  Born  terms. 

‘Work  .supported  by  the  National  Science  Foundadon. 


15:48 

EB  10  Measurement  of  Inclusive  Ouasiftlastic 
Scattering  of  Polarized  Electrons  from  Polarized 
iHe.  W. LORENZON,  E.BEISE,  E.BELZ,  R.CARR,  S.FILIP- 
PONE,  R. McKEOWN,  B. MOELLER,  T. O'NEILL  and  C. WOOD¬ 
WARD,  Caltech.®  G. DODSON,  K.DOW,  M.FARKHONDBH, 
S.KOWALS'KI,  K.LEB,  N.MAKINS,  R. MILNER,.  A. THOMPSON, 
D. TIEGER,  J.VAN  DEN  BRAND,  A.  YOUNG,  X.YU  and  J.2UM- 
BRO,  MIT. - We  report’ a  measurement  of  the  asymme¬ 

try  in  spin-dependent  quasielastic  scattering  of 
longitudinally  polarized  electrons  from  a  polar¬ 
ized  ®He  gas  target.  This  measurement  represents 
the  first  experimental  separation  of  electromag¬ 
netic  nuclear  response  functions  by  using  a  polar¬ 
ized  beam  and  a  polarized  target.  The  measured 
asymmetry  is  in  good  agreement  with  a  Faddeev  calcu¬ 
lation  and  supports  the  picture  of  spin-dependent 
quasielastic  scattering  from  polarized  ®He  as  pre¬ 
dominantly  scattering  from  a  polarized  neutron. 

*  Supported  by  the  National  Science  Foundation. 
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14:00 

FC  I  A  Coincidence  Measurement  of  ®Li(Tr,np)  for  E,=55- 
100  MeV*  B.  B.  RITCHIE, Tr.  K.  BRUSSbb,!?.  ItTiOLB,  J.  H. 
SMITH,  U.  of  lllinoi.s* — Brcmsstrahlung  photons  with  endpoint  en¬ 
ergies  from  55  to  100  MeV  were  used  to  photodisintegrate  ®Li. 
Emitted  ncutron/proton  pairs  were  observed  in  coincidence,  and 
cross  sections  in  terms  of  their  opening  angles  and  transverse  mo¬ 
menta  were  measured.  Comparisons  aic  made  with  previous  work 
by  Wade'  (which  this  experiment  continues)  and  Vogt'*,  and  with 
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the  quasidculcron  model  of  Levinger®. 

‘Research  supported  in  part  by  the  National  Science  Foundation. 
'M.  W.  Wade,  M-  K.  Brussel,  L.  J.  Kocstcr,  Jr.  and  J.  H.  Smith, 
Phys.  Rev.  Lett.  53,  2540  (1984). 

*J  M.  Vogt,  Ph.D.  thesis,  Joh<annes  Gutenburg  Univ.,  Mainz 
(1987). 

®J.  S.  Levinger,  Phys-  Rev.  84,  43  (1951),  Phys.  Lett.  82B,  181 
(1979). 


14:12 

EC  2  Investigation  of  the  Giant  Dipole  Resonance  of 
with  (e,e'7).  E.  Ammons,  R.  Dcininger,  S.  Dolfini,  A.  Linzey,  J. 
Mandeville,  P.  Mueller,  E.  Offermann,  C.  Papanicolas,  A.  Scrdarc- 
vic,  and  S.  Williamson,  Univ.  of  Illinois  at  Urbana-Champajgn,  J. 
Connelly,  Catholic  Univ  of  America-  The  (e,  e'7)  method  is  a  rel¬ 
atively  new  technique  in  the  field  of  electron  scattering,  widely  ac¬ 
cepted  as  a  precision  tool  for  the  study  of  narrow  states  below 
particle  emission  threshold.  We  report  on  progress  towards  uti¬ 
lization  of  the  (e,  e'7)  reaction  to  probe  the  giant  resonance  region 
of  the  nucleus.  Due  to  the  small  photon  emission  probabil¬ 
ity  of  the  giant  resonances  and  their  broad  nature,  combined  with 
the  competition  from  brcmsstrahlung  photons,  previous  theoretical 
analysis  suggested  that  the  use  of  the  (e,  e'7)  reaction  in  the  study 
of  the  giant  resonances  would  be  problematic.  In  a.  new  approach, 
we  look  for  decay  of  the  giant  resonances  to  low  lying  excited  states 
rather  than  to  the  ground  state.  By  forniing  missing  energy  spec¬ 
tra,  cross  sections,  integrated  over  the  resonance,  can  be 

obtained  for  decay  of  the  giant  dipole  resonance  of  to  the  2* 
first  excited  state  at  4.44  MeV  and  the  O'*"  second  excited  state  at 
7.65  McV. 


14:24 

EC  .7  Elastic  Photon  Scattering  above  tlic  GDR  of  '°0.  K. 
MELLENDORF,  D.  DALE,  R.  EFSENSTEIN,  F.  FEDERSPIEL, 
M.  LUCAS,  B.  MACGIBBON,  A.  NATHAN,  U.  of  Illinois.*- 
Dificrcntial  cross  sections  for  the  clastic  scattering  of  photons  from 
'®0  have  been  measured  at  scattering  angles  of  45“  and  135“  be¬ 
tween  the  energies  of  27  and  63  McV.  Beams  of  incident  photons 
were  provided  by  the  Illinois  tagged  photon  facility  and  the  scat¬ 
tered  photons  were  detected  in  a  pwr  of  large  Nal  spectrometers. 
The  motivation  for  this  experiment  was  to  scardi  for  quadnipolc 
strength  above  the  GDR.  The  signature  for  such  strength  is  a 
fore-aft  asymmetry  in  the  cross  section  due  to  the  interference  of 
the  quadrupole  with  the  high  energy  tail  of  the  GDR.  RPA  calcu¬ 
lations  predict  that  most  of  the  isovcctor  quadrupole  strength  lies 
in  the  region  we  have  investigated.  Previous  photonentron  and 
photon  scattering  experiments  provide  conflicting  evidence  as  to 
the  amount  of  E2  strength  in  this  rcgio.i.  A  preliminary  analysis 
of  the  data,  along  with  an  interpretation  of  the  data  in  terms  of 
E1-E2  interference,  will  be  presented. 

"Supportcfl  by  the  National  Science  Foundation. 


non-energy-weighted  sum  rule,  S.-S^=  3  (ll-Z) ,  where  S_  is 
the  GT  strength  in  the  t_  {p_)  direction  and  is  iii 
the  ((1^)  direction.  Large  uncertainties  in  measured 
S  values  impact  sum  rule  verification  and  hinder  answers 
about  GT  quenching  due  to  RPA  correlations^.  Recent 
measurement*  of  ®*Fe(p,n)  yields  an  improved  S_  value, 
providing  motivation  to  better  determine  using  a  more 
precise  measurement  of  ®^Fe(n,p).  In  addition,  the  GT 
matrix  elements  from  ®*Fe(n,p),  coupled  with  those  from 
®*Cr(p,n),  are  important  in  calculations  involving 
pp-decay:  processes  significant  in  the  late  stages  of 
stellar  evolution*.  The  CHL  (n,p)  detector  facility  was 
used  to  measure  ®^Fe  and  **Fein,px),  0st<45MeV,  0so<60“; 
differential  cross-sections  for  the  Gam.ow-Teller  giant 
resonance  have  been  extracted  and  will  be  presented. 

*Supported  in  part  by  HSF  Grant  PHX87-22008 
“Associated  Western  Universities  Graduate  Fellow 
*H.  Auerbach,  Phys.  Rev.  C36  (1987)  2694 
*3.D.  Anderson,  Phys.  Rev.  C41  (1990)  1474-1485 
*H.A.  Bethe,  et  al.,  Hucl.  Phys.  A234  (1978)  487 


Isoscalar  Character  of  the  GOR  in  ”^.Sn.  D.J.  HOREN,  F.E. 
BERTRAND.  J.R.  BEENE.  Oak  Ridge  National  I-ab.*:  W. 
MITTIG.  A.C.C.VILLARI.  Y.  SCHUTZ.  ZEN  WENLONG.  E. 
PLAGNOL.  GANIL:  and  A.  GILLIBERT,  .SACLAY-Final 
analysis  of  our  >'**Sn(*^0.*’0')  measurements  at  84  MeV/nucleon 
in  the  giant  resonance  region  indicate  that  the  differential  cross 
section  for  excitation  of  the  GQR  is  well  represented  by  a  DW 
calculation  using  the  deformed  potential  model  assuming  the 
resonance  is  isoscalar  (i.e.,  Mn/Mp  <3  N/Z).  The  data  do  not 
reproduce  a  minimum  near  6cm  =  1.9°  pr^icted  by  a  similar 
cdculation  using  the  %EWSR  and  B(E2)'l'  reported'  from  k^/k' 
scattering. 


♦Operated  by  Martin  Marietta  Energy  Systems.  Inc.  under  contract 
DE-AC05-840R21400  with  the  U.S.  Dept,  of  Energy. 

•j.L.  Ullman  et  al,  Phys.  Rev.  C  35. 1099  (1987). 


Internal  Pair  Decay  of  Ginnt  Resonances  in  '”Nd.* 
C.P.Montoya,  S.Adami,  I.Dioszcgi,  D.J.Hofman,  P.Paul  and 
P.H.Zhang,  SJUj4y.-.S.T,ONYlJBRQ.QK.  The  radiative  capture  reac¬ 
tion  ”’Pr(p,e*c'  )”*Nd  was  used  to  search  for  interna!  pair  con¬ 
version  from  the  Giant  Dipole  and  the  Isoscalar  Giant  Monopole 
Resonance  based  on  excited  states  betivccn  1.57  and  3.8  McV.  A 
plastic  phoswich  array  was  mounted  with  its  center  at  180“  rela- 
live  to  the  beam  axis  in  order  to  dc-emphasize  the  GDR  relative 
to  the  GMR.  Proton  beams  from  the  Stony  Brook  tandcm-Iinac 
with  energies  from  11  to  14  MeV  were  used  to  trace  out  the  GDR 
legion  that  had  previously  been  reported  (Ij  in  high  energy  7  de¬ 
cay.  From  a-  scattering  systematics  the  GMR  1$  expected  in  the 
sa-nc  energy  region,  although  the  degree  of  GMR  collectivity  is 
in  question.  This  experiment  attempts  to  separate  the  EO  from 
the  El  transition  by  a  measurement  of  the  c^-c"  angular  correla¬ 
tion.  The  data  arc  presently  under  analysis  and  cleanly  show  the 
conversion  of  the  GDR.  The  results  on  the  GMR  will  be  reported. 
(]|  M.  Hasinofl  et  al.,  Niicl.Phys.  A105  (1972)  78. 

*  Supported  in  part  by  the  National  Science  Foundation. 


EC4  Gaaow-Tellet  Resonance  Strength  in  **Fe(n,t>) 
ar.J  **Fe(n.p)  at  65  ifeiFI  B.  KcEACHERH,  F.r.  BRADlf, 

J.R.  DRUHIOHD,  G.P.  G.RIM,  E.J.  HJORT**,  J..8.  OSBORNS, 

M.D.  PARTLAH,  J.L.  ROMERO,  Physics  DePt-  and  Crocket 
Nuclear  Laboratory,  O.C.  Davis,  CA  95616  determine 

the  ascunt  of  missing  GT  strength,  one  compares  with  the 


Quadrupole  Resonance  in  *°*Pb  Using  Polarized  Photon 
Scattering.  D.S.  DALE,  RM.  LASZEVVSKI,  R.  ALARCON 
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U.  mF  Jl'.ifioii*  Highly  pulaiizcd  lagged  phuluru  Hctc  used  lu  mea¬ 
sure  the  pulatizalloD  asymmetries  fur  elastic  scatter  mg  m  the  en- 
ergj. region  of  the  giaut  electric  isocector  quadrupole  rcsonaiicc  in 
“*Pb.  Preliminatj  data  analysis  clearlj  demonstrates  the  mterfei 
cnee  betyveen  the  isoyectoi  E2  resonance  and  the  underlying  .lee 
trie  dipole  strength.  It  will  be  shoan  that  the  gross  features  of 
tne  isovector  E2  resonance  can  be  extracted  from  the  polarization 
asymmetries  in  a  relallicly  model  ii.dependcnt  manner.  Our  ex 
perimental  results  tvill  be  discussed. 

'Research  supported  in  part  by  the  National  Science  Foundation. 


SESSION  ED:  THEORY  I\;  GENERAL 
Saturday  afternoon,  27  October  1990 
Room  136,  Loomis  Laboratory  at  *4:00 
D.  G.  Ravcnhall,  presiding 

14KX) 

ED  1  The  Effect  of  Solar  Density  Fluctuations 
on  Neutrino  Flux  A.  B.  Balantekin,  and  F.  N.  Loreti*, 

U.  ofAViSCcnsiii  Mad.son  Solar  density  iluvluations'  ^  are  stud 
icyl  in  the  context  of  spin-flavor  precession  of  solar  ncutniios.  The 
effect  on  the  electron  neutrino  flux  of  both  lioles  and  bumps  in 
the  standard  solar  model  density  is  calculated  for  a  variety  of 
densities. 

'Research  supported  in  part  by  the  University  of  Wisconsin  Re¬ 
search  Committee  yvith  funds  granted  by  the  Wisconsin  Alumni 
Research  Foundation  and  in  part  by  the  National  Science  Foun¬ 
dation. 

1.  A.  Schafer  and  S.  E.  Koonin,  Phys.  Lett.  185B,  417  (1987) 

2.  A.  Yu.  Smirnov,  “Thirteenth  International  Conference  on  Neu¬ 
trino  Physics  and  Astrophysics”,  J.  Schneps,  T.  Kafka,  and  W. 
A.  Mann  Eds.,  pg.l23  World  Scientific  (1989) 


14:12 

FD  2  Electron  Anti  Neutrino  Signal  from  ^oin  Flavor 
Precession  of  Maiorana  Solar  Neutrinos  F.  N.  Loreti, 
and  A  B  Balantekin',  I.',  of  Wi.scon.sin  Madi.son  Spin  flavor 
precession  of  Majorana  neutrinos  is  studied*'*.  For  the  range  of 
parameters  6m*  <  1  x  10”*  and  sin*  26  >  1  x  10“*,  a  signihcanl 
flux  of  electron  anli-nculnnos  can  be  obtained  using  the  stan¬ 
dard  solar  model  yvith  a  magnetic  field  confined  to  the  convective 
zone,  and  a  magnetic  moment  of  1  a  10  *'  fij).  This  signal  should 
Correlate  with  sunspot  activity.  Counting  rates  for  the  Borex  ex¬ 
periment  are  c.alculated. 

'Research  supported  in  part  by  the  University  of  Wisconsin  Re 
search  Committee  with  funds  granted  by  the  Wisconsin  Alumni 
Research  Foundation  and  in  part  by  the  National  Science  Foun 
dation. 

1.  A.  B.  Balantekin,  P.  J.  Hatchcll,  and  F.  Loreti,  Phys.  Rev. 
D41,  (1990). 

2.  A.  B.  Balantekin,  F.  N.  lA>reti,  S.  Pakvasa,  and  R.  Raghavan 
(to  be  published). 


14:24 

ED  3  Multlsoliton  Solutions  in  the  Skyrme  Model. 

L.  CARSON,  Dept,  of  Physics  and  Astronomy.  Univ.  of  .Alabama, 
Tuscaloosa.  AL  35487.—  The  static  hamiltonian  of  the  SU(2) 
Skyrme  model  yvith  massive  pions  is  formulated  on  a  three  dimen 
siunal  wttbic  lattice  and  used  tu  determine  muitisoi.tun  solutions  of 


the  model.  Besides  reproducing  known  solutions  corresponding  to 
baryon  numbers  B  —  1  and  2,  new,  classically  stable,  localized  so¬ 
lutions  corresponding  to  B  —  3,  -1,  5  and  6  arc  found.  Although  the 
nevy  solutions  do  not  share  any  of  the  continuous  symmetries  of  the 
B  —  I  and  2  solitons,  the  pion  fields  describing  the  solitons  with  B 
—  3  and  4  arc  found  to  possess  tetrahedral  (43m)  and  octahedral 
(inZmj  symmetry,  respectively.  Implications  of  these  discrete  sym- 
mctiics  for  the  spectrum  of  states  in  the  semiclassically-quantized 
theory  arc  also  yvorked  out. 


14:36 

ED  4  Dirac  eigensialcs  for  valence  quarks  with  self-confinenienl  and  nonlocal 
meson  coupling*.  M.R.  FRANK  and  P.C  TANDY,  Kent  Slate  Univ.-ln  a 
generalized  noniopological  soliton  formalism'  ihe  effective  meson  fields  arc 
generaied  solely  from  qq  composites.  This  feads,  at  the  mean  field  level,  to  a 
Dirac  equation  for  valence  quarks  having  a  translationally  invariant  dynamical 
mass  and  a  nonlocal  quark-meson  coupling.  In  the  circumstance  where  the 
dynamical  mass  is  absolutely  confining,  the  meson  fields  provide  a  finite  region 
in  which  quark  propagation  is  restored  allowing  formation  of  solitons.  This 
mechanism  is  investigated  numerically  for  several  models  of  the  dynamical  mass 
and  the  nonlocal  quaik-mcson  interaction.  The  resulting  eigenvalues  and 
cigcnfunctiuns  will  be  presented  along  with  a  discussion  of  the  iransiiion  to 
confinement,  and  the  possible  implications  for  nucleon  structure  and  the  nucleon 
meson  vertex. 

I.  R.T.  Cahill  and  CD.  Roberts,  Phy.  Rev.  D32, 2419  (1985);  M.R.  Frank, 
P.C  Tandy  and  G.  Fai,  KSU  preprint,  KSUCNR  012-93,  sub.’niltcd  for 
publication,  1990. 

•Work  supported  in  pan  through  NSF  grant  No.  PHY  88415633. 


,4:48 

FD  5  Electromagnetic  Momente  of  Af  12.321  in  Nonrelatlvistic 

Quark  Model  and  Skvrme  Model*.  LISHENG  ZHANG  and 
NIMAI  C.  MUKHOPADHYAY,  Rensselaer  Polytechnic 

Institute.  Troy,  NY  12180-3590. - The  nonrelativistic  quark 

model*  (NQM)  and  Skymie  model*  (SM)  are  among  the  most 
successful  hadron  models  stimulated  by  quantum 
chromodynamics.  Here  we  discuss  the  important  differences 
between  their  predictions  on  electromagnetic  moments  of  various 
charge  states  of  A(1232).  NQM  predicts  nonzero  values  for 
magnetic  dipole  moments  dectric  quadrupole  dectric 

moments  and  magnetic  octopole  moments  0^,  all  of  whidi 
are  proportional  tc  On  the  other  hand,  SM^  generally  ^ves 
these  moments  without  factorization  of  c^.  We  shall  discuss  the 
rdevance  of  these  results  to  recent  experiments’. 

[IJN.  Isgur  and  G.  Karl,  Phys.  Rev.  D12,  2653  (79),  D20.  1191 
(79)  R.  Koniuk  and  N.  Isgur,  Phys.  Rev.  D21.  1869  (SO).  S.S. 
Gershtdn  and  G.V.  Dzbikiya,  Sov.  J.  Nud.  Phys.  M  (6)  870  (81). 
(2}  G.S.  Adkins,  in  "Chiral  Solitons"  edit^  bv  K.F.  Liu,  World 
Sdcntific  Singapore,  1987.  (31  A.  Bossherd,  gt  al-i  Phys-  Rev- 
Lctt.§4,2619(90).  .sxu.,  X 

*Work  supported  by  U.S.  Department  of  Energy. 


15.4)0 

ED  6  Calculation  of  Electroeagnetic  Pion  Fora  Factor  in 
a  Kon-local  Kaiau-Jona-Lasinlo  Hodel.*  C.  D.  ROBERTS, 
Argonne  Rational  Laboratory— A  sxsdel  of  QCD  with  a  four 
feciaion  current-current  interaction  cedlated  by  vector 
boson  exchange  is  esployed  to  calculate  Fj(q2)  for 
spacelike  eosenta.  The  vector  boson  propagator  is  the 
phenoxenological  input  in  the  codel,  constructed  to 
canifest  asysptotic  freedm  and  to  ensure  quark  con- 
finenent  in  the  sense  that  the  quark  propagator  has  no 
poles  at  ticelike  »»enta.  Electrcsagnetlsa  is 
introduced  through  lainiaal  substitution.  The  cstdel  is 
analyzed  in  Euclidean  cetcic  and  the  Sch-winget-I^son 
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and  Bethe-Salpeter  equations  that  arise  in  the  model 
are  solved  numerically.  The  dressed  quark  propagator 
and  meson  Bethe-Salpeter  amplitudes  thus  obtained  a::e 
used  to  evaluate  the  Feynman  diagrams  relevant  to 
F)f(q2).  There  are  two  contributions:  a  direct  (or 
contact)  'ITT  term  and  a  p  pole  term.  The  direct  term 
is  the  most  important  at  small  q^  providing  most  of  the 
contribution  to  the  charge  radius.  The  contribution  of 
the  pole  term  becomes  relevant  at  larger  q^. 

*Supported  by  the  U.S.  Department  of  Energy,  Kuclear 
Physics  Division,  under  contract  W-31-lO:  -EHG-SB. 


15:12 

j:D7  Use  of  Retarded  Greens  functions  in  Finite  Temp¬ 

erature  Quantum  Field  Theories*  J.E.  Davis  The  Ohio  State 
University-  As  is  well  known*,  use  of  the  Feynman  propaga¬ 
tor  alone  in  real  time  finite  temperature  field  theories  leads  to 
pathologies  in  the  furm  uf  ill  defined  products  of  distributions. 
Such  pathologies  arc  avoided  when  the  theory  is  expressed  in 
terms  of  the  retarded  propagator.  In  addition,  we  expect  the 
retarded  propagatui  is  to  play  a  fundaiuental  rule  in  doing  nun- 
perturbativ'C  ^culatiuns  because  of  the  fact  that,  unlike  the 
Feynman  propagator,  the  retarded  propagator  enjoys  an  ana¬ 
lytic  continuation  into  the  complex  energy  plane.  This  can  be 
decisive  when  dealing  with  the  non  trivial  pole  structure  inher 
ent  in  strong  coupled  field  theories.  It  is  the  purpose  of  this  work 
to  inve;  ‘gate  the  role  of  the  retarded  propagator  at  finite  tem- 
peratuf  'nd  study  their  use  in  non  perturbative  approximation 
schemes  in  a  filly  relalivislic  quantum  field  theory. 

*  Work  supported  by  the  NSF  under  grant  PlIY-885S2oO. 
‘N.P.Landsman  and  Ch.G.vaaWccrl,  Pliys.Rcp.l45,141(19S7) 


15:24 

EDS  A  Sum  Rule  for  the  Spin-Dependent  Structure  Function 
6i(m)  for  Spin-One  Hadrons.*  S.  KUMANO*  and  F.E.  CLOSE**, 
•  Nuclear  Theory  Center,  Indiana  U.,  **  Rutherford  Appleton 
Lab.,  U.  of  Tennessee,  Oak  Ridge  Natl.  Lab. —  The  recent 
experimental  Ending  (new  EMC  effect)  by  the  EMC  group 
on  the  spin-dependent  structure  function  of  the  proton  has 
stimulated  intense  interest  in  the  details  of  spin  structures  in 
the  proton  and  neutron.  The  measurement  for  the  neutron 
requires  a  polarized  deuteron,  which  is  interesting  in  its  own 
right,  because  there  is  a  new  structure  function,  We 

inv^tigatc  a  sum  rule  for  6i(xj.  We  show^*^  that  it  is  related 
to  the  electric  quadrupule  moment  of  the  target  and  obtain 
fdxbi(x)  lini^,_oj  -  0  for  isoscalar  targets  if  the 

sea  of  quarks  and  anti  quarks  is  unpolarized, 
t  Researc  supported  by  U.S.  D.O.E.  under  Contract  No.  DE- 
4C05-84OR21400  with  Martin  Marietta  Energy  Systems  Inc. 
and  No.  DE-FG02-87ER40365  and  the  Tennessee  Science 
Alliance  Center. 

(l)  F  E.  Close  and  S.  Kumano,  submitted  for  publication. 


15:36 
ED  9 

Scmlclasslcal  Model  for  Electron-Positron  Resonances.  A. 
Soramcrer.  CJ.  Benesh.  J.R.  Spence.  J.P.  Vary.  Physics 
Dcpanment-  Iowa  State  UnN’crsltv.—  Motivated  by  the  desire  to 
have  a  simple,  physically  Intuitive,  treatment  of  the  narrow  c*c 
resonances  recently  predicted  from  solutions  of  relattvlsttc  iwo- 
body  wave  equations  (RTBWE)*  we  develop  a  semi-classical 
treatment  to  obtain  the  same  resonances.  A  Hamiltonian  obtained 


from  Darwin’s  Lagrangian^  is  used  to  obtam  an  infra-atomic  scale 
circular  orbit  (diameter  -  30fm).  A  WKB  treatment  is  then  used  to 
explore  for  the  L=1  states  corresponding  to  those  ol  the  RTB'A'E.  A 
procedure  is  Invoked  to  regularize  the  Interaction  at  short  distances 
and  at  high  momenta.  For  certain  choices  of  the  regularization 
parameters  a  spectrum  of  states  with  energies  corresponding  to 
those  of  the  RTWBE  can  be  obtained.  Some  of  these  states 
correspond  to  peaks  in  the  c+e*  coincidence  spectra  from  the  GSI 
heavy  ion  experiments.  The  importance  of  momentum  dependence 
In  the  e+e'  Interaction  is  clearly  evident  and  the  distance  scale  of 
the  resonance  phenomena  is  the  same  as  that  found  In  the  RTWBE 
treatment^.  The  utility  of  this  model  for  other  applications  will  be 
discussed. 

•Supported  by  the  USDOE  under  Grant  No.  DB-FG02-87ER40371  and 
Contract  No.  W-7405-ENG-82. 

1  J.R  Spence  and  J.P.  Vaiy.  to  be  published 
2c.G.  Darwin.  PhU.  Mag.  39. 537(1920). 


15:48 

ED  10  Pair  Production  of  Particles  in  Strong  Electric  Fields. 

J  E.  SEGER  and  A.B.  R ALANTEKIN*  ,U.  Wisconsiii  Madison. 
and  S.H.  FRICKE,  U.  of  Dalla-s  -  We  discuss 
non  perturbative  effects  in  pmi  pruduction  from  classical  electric 
fields.  We  point  out  a  formal  connection  between  fermion  pair 
production  in  an  external  field  and  supersymmetric  quantum  me¬ 
chanics.  Pair  production  probabilities  are  calculated  in  a  uniform 
semiclassical  approximation.  W^e  also  discuss  the  effects  on  the 
probability  of  pair  production  from  the  presence  of  a  dynamical 
photon. 

•Research  supported  in  part  by  the  University  of  Wisconsin  Re¬ 
search  Committee  with  funds  granted  by  the  Wisconsin  Alumni 
Research  Foundation  and  in  part  by  the  National  Science  Foun¬ 
dation. 

1.  J.  Schwinger,  Phys.  Rev.82  (1951),  664;03  (1954),  615. 

2.  A.B.  Balantekin,  J.E.  Seger,  and  S.H.  Fricke,  Int.  J.  Mod. 
Phys.  A,  in  print. 


I6K)0 
ED  n 

Two-Photon  Intermediate  Slate  Processes  In  Electron-Positron 
Scattering.  XlzhI  Zhang*.  C.J.  Benesh.  J.R  Spence,  J.P.  Vary. 
Physics  Deoarlnient^owa  Stale  University.—  Relativistic  two-body 
wave  equations  have  been  solved  to  obtain  c^c*  resonances  at 
energies  close  to  the  observed  e+c*  coincidence  peaks  in  heavy  ion 
scattering*  In  order  to  extend  the  Fock  space  used  to  describe  e^c" 
scattering  and  to  examine  the  sensitivity  of  the  calculated  scattering 
resonances  to  the  level  of  model-space  truncation,  we  have  evaluated 
the  analytical  expressions  for  the  two-photon  intermediate  state 
processes.  The  results  of  this  analysis  will  be  presented.  In  addition, 
we  win  describe  the  elTorts  underway  to  include  these  processes  In 
the  scattering  calculations.  It  is  expected  that  the  addition  of  these 
scattering  mntnbuUons  will  shifi,  the  resonances  and  contribute  to 
their  widths. 

•Supported  by  the  People's  Republic  of  China,  on  leave  from 
Zhengzhou  Unlv. 

••Supported  by  the  USDOE  under  Grant  No.  DE-FC02-87ER4037I 
and  (kmtract  No.  W-7405-EKG-82. 

*J.R  Spence  and  J.P.  Vary,  to  be  published. 

16:12 

ED  12  Inforsatioaal  Aspects  of  Isotopic  Ouantua  Eoppxng 

-  A.A.ETREZZH  ^  KcKaster  U.  tCapidai  - 

-  Isotopic  diversity  of  natural  nuclei  deliveres  specific 
and  nclcifaced  "degree  of  freedoa”  in  aatter.lt  has  iap- 
licatioDS  for  physxcs*,  technology*,  biology*,  aedicine*. 
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etc.  Recently  we  discussed  isotopic  aodels  ol  interactive 
neaories  in  crystals’ .  Here  I  add  on  possible  features  of 
quantua  hopping  (QH{  tunneling  transitions  of  isotopes  in 
crystals.  Hicroscopically,  eleeentary  steps  of  isotopic 
ordering  include  "ring"  exchanges  of  different  isotopes 
betMeen  lattice  sites  in  isotopic  sublattices.  Quantun 
nechanical  probability  of  such  processes  is  usually  quite 
low  because  of  the  tunneling  through  high  barriers.  How¬ 
ever,  rate  of  an  actual  aove  Hhen  it  occures  is  defined 
by  quantun  delocalization  velocity  flT-ti/Ha,  a~5A),e.g. 
typical  tiae  is~10->*  sec.  Under  "inforBationally-driven 
resonance  conditions"  (iDRC)  a  aultiplicity  of  QBs  can 
lead  to  fast  isotopic  positional  rearrangeeents  of  the 
whole  crystal.  In  context  of  ref.’,  IDRC  can  adait  te¬ 


leological  interpretation  in  terns  of  "goal  attractors", 
siallar  to  a  "holistic  state"  of  a  neural  network.  Also, 
QB  under  IDRC  can  be  linked  to  a  (reversed)  cuantua  Zeno 
effect’  and  to  a  way  to  "get  around"  the  ssallscss  of 
tunneling  factors  in  cold  fusion-type  effects’.  Such  QH 
say  involve  local  saves,  rather  than  unlisited  diffusion. 
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Ma,  R.— Ba 
Macchiavelli,  A.O. —  ABIO 
MacGibbon,  B. —  EBl,  EC3 


Mach,  H.—  ACIO 
Mack,  D.—  BBS,  EBl 
Madcy,'R.—  ADS,  BD6,  CD2,  DBS 
Madland,  D.G.— AE2 
Magda,  M.T.—  BEl,  BE2 
Magnon,  A. —  CA4 
Magsig,  C.T.  —  CC6 
Mahon,  J.C.— AB7,  AB9 
Mak,H.-B.— AC2 
Makins,  N. —  EBIO 
Malik,  F.B.—  AE7 
Mandcville,J.— EC2 
Manley,  D.M.  —  ADS 
Mann,  L. —  BCIO 
Mantica,  P.F.,  Jr.  —  BC7 
Marchlenski,  D. —  CDl 
Markey,  J.  —  CC2,  CC3 
Mateja,  J.F.  —  CD7 
Mathews,  G.J. —  DCS 
Maximon,  L.C. —  EBS 
Mayer,  R.H.— BCS 
Mazur,  C.  —  BB2 
McCarthy,  J. —  EB6 
McCarthy,  J.S.—  EB7 
McCarthy,  R.J.—  CD2 
McDonald,  R.  —  ABIO 
McDonald,  W.J. —  BBS 
McEachern,  B. —  AD6,  EC4 
McGrath,  R.L.  —  AB6,  AB7 
McKcown,  R.  —  BB12,  EB6,  EBIO 
McKisson.J.E.— 0D2 
McMahan,  M.  A.— CCIO 
MeVoy,  K.W.  — EA3 
MclTord.T.- BDl 
Mehrem,  R.— BEIO 
Mellendorf,K.  — EB2,  ECS 
Mcnchaca-Rocha,  A.  —  ABS,  BB6 
Mcng,  J. —  DB4 
Meng,  J.C.  — CCIO 
Menlovc,  H.O.-DCll 
Mercer,  R.L.  —  CDS 
Meyer,  H.O.—  BD2,  BDS 
Meyer,  R.A.— BCIO 
Meziani,  Z.  —  EB6 
Michaels,  R.— EBS 
Miljanid,  0.— CD9,  CDIO 
Miller,  J.— EB1,EB9 
Milner,  R.—  EB6,  EBIO 
Mineharl,  R. —  EB6 
Minty,  M.G. —  BDS 
Mishra,  S. —  EB9 
Mishra,  V.—  AD4 
Mishra,  V.K.— BE8 
Mitchell,  G.E.  —  CA I 
Mitchell,  J.T.— CC4,  DBS 
Miltig,  W.— ECS 
Molar,  G.— ACIO 
Montoya,  C.P.  —  EC6 
Moore,  E.F.—  BC4,  BCS,  BCS,  BC9 
Moore,  F.  —  ABS 
Moretto,  L.G.  — CCIO,  DB4 
I  Morgenstern,  J.  —  EB6 
Morley.K.  — CB2 
Morley,  K.B.  — CBl 
Morrison,  G.C.  —  CDl  1 
Morrissey,  D.J.  —  CCS,  CC9 
Morsad,  A. —  DD6,  DD7 
Moses,  D.  —  ABS 
Mostajabodda'Vati,  M. —  CD2 
Moszynski,  M.  —  ACIO 

Mueller,  B EBIO 

Mueller,  P EC2 

Mukhopadhyay,  Nimai  C.  —  DA4, 
EDS 

Muller,  A.— BD4 
Muller,  W.FJ.  —  DB6 
Murakami,  T.  —  CB6,  CBS,  CB9 


Vol.  35,  No.  8  (1990) 


1685 


Nadasen,  A.  —  CB4,  CBS,  CDS 
Nagle,  D.E.  —  BA4 
Nakagawa,  T. —  DD5 
Namboodiri,  M.N. —  DBl,  DB2, 
DBS 

Nann,  H.  — BD8 
Nassitr,  K.A.— DCS 
Nathan,  A.— EB1,ECS 
Nathan,  Alan  M. —  DAS 
Nathan,  A.M.  — EB2 
Natowitz,  J. —  ABS 
Natowitz,  J.B. —  BB6 
Nayak,T.K.— CB6 
Nazarewicz,  W.  —  ACS 
Nicolis,  N.G.  —  DE4  ■ 

Nikolaus,  B.A.  —  AE2 
Nivov,  V.  —  ABll 
Nolen,  S.A.  —  CC6,  CC7,  CC9 
Norbeck,  E.—  BB2,  CBS,  CB4 
Norbury,  John  W. —  DES 
Norbury,  J.W.  —  CD6 
Nozawa,  S. —  BD12 

Oberacker,  V.E.—  AB12,  DEIO 
O'Brien,  E. —  CC4 
O'Brien,  J.— BB9,EBS 
O'Brien,  J.T.—  EB4 
OlTerinann,  E.  —  EC2 
Offermann,  E. A.J.M.  —  EBS 
Ogilvie,  C.A.—  CBS 
Olson,  D.L. —  DB6 
Omar,  A.  —  AC9 
O'Neill,  A.E.—  EB2 
O'Neill,  T.—  EBIO 
Osborne,  G.H.  —  AD6 
Osborne,  J.H. —  EC4 
Oset,  E.  — DE7 

Padalino,  S.J.  — CBIO 
Palmer,  E.P.—  DC11 
Pancella,  P.V.—  BD8 
Pang,  Y.— DC4 
Papanicolas,  C. —  EC2 
Park,  B.K.— ADS 
Parker,  W.- ABS 
Partlan,  M.D.— DB6,EC4 
Parvez,  M.  Sultan —  AE7 

Patch,  J.S _ EBS 

Pate,  S.  —  BD8 
Pate,  S.F. —  BD2 
Patmon,  J.A. —  DCS 
Patzclt,P.  — ABIl,  ABN 
Paul,  E.S.  —  BC2 
Paul,  P.— EC6 
Pcaslee,  G.F.  —  CCIO,  DB4 
Pedroni,  R.S. —  AD4 
Peilcrt,  G. —  DBS 
Pelak,  R.  — CB6 
Pella,  P.J.  —  BD6 
Peng,J.C.— EB9 
Perdrisat,  C.F.  — CD4 
Peterson,  B.A. —  BBS 
Petraitis,  M.—  BB9,  EB4,  EBS 
Phair,  L.  — CB7 
Phan,  X.H.— EBS 
Phillips,  G.W.— DD2 
Pickar,  M.A.—  BD2 
Pierce,  E. —  BD2 
Piercey,  R.B.—  DD2 
Pinder,C.N.  — CDll 
Plagnol,  E.  —  ECS 
Planeta,  R. —  CB6,  CBS 
Platchkov.S.K.—  EBS 
Plumley,  Marco  R.  —  BD6 
Poggi,G.  — CBS 
Pollacco,  EC.  —  BB2,  CBS 
Pollock,  R.  —  BD8 
Pottervcld,  D.  —  EB6 


Pouliot,J.— DB1,DB2 
Pourang,  R. —  ADS 
Pratt,  S.— CBS 
Prevost,  D. —  AC9 
Price,  H.G.— ACS 
Prosser,  F.W.  —  AB4,  ABS 
Punjabi,  V.  —  CD4 
Pywell,  R.E.— BBS 

Rabinowitz,  M.  —  DC9 
Radford,  D.  —  AC7,  AC9 
Rahi,  M.— BD6 
Rai,  G.  — CDll 
Rapaport,  J.  —  ADS,  CD  I 
Rasmussen,  J.O.  -  ABIO,  AB13 
Rawitscher,  G.H. —  AE9 
Reber,  EL. —  ACI 
Rehm,  E.  —  ABS 
Rehm,  K.E.— BBIO 
Rcimer,  P.E.  —  BB7 
Rendic,  D.  —  CD9 
Renshaw,  E.  —  CBl,  CB2 
Reviol,  W.— BC8 
Rice,  Robert  A.  —  DC7,  DCS,  DC9 
Riggi,  F.  —  CD9 
Rinckel,  T. —  BD8 
Ritchie,  B.B. —  ECl 
Ritter,  J.C.—  DD2 
Roberts,  C.D.  —  ED6 
Roberts,  D.  —  CC11,CD8 
Roberts,  D.A.  —  DC6,  DD6,  DD7, 
DD8 

Robinson,  S  J. —  EAI 
Rodning,  N.L. —  BBS 
Roeth,  Neil  L. —  BE4 
Romero,  J.L.  —  ADS,  AD6,  DB6, 
EC4 

Rondon  Aramayo,  O.  —  EB6 
Rose,  S.  —  CBS 
Ross,  M.A.— 'BDS 
Roussel-Chomaz,  P.  —  CCIO 
Roy,N.— BCIO 
Rugari,  S.L.  —  CCS 
Rupnik,  D. —  BC7 
Rybarcyk,  L.J.  — CDl 

Sackett,  D.  — CB9 
Sanders,  S.J. —  AB4,  ABS 
Sanderson,  D.  —  CBS 
Sanderson,  D.P.  —  CCS 
Sangster,  T.C.  —  DBl,  DB2,  DBS 
Sarafa,  J. —  ABS,  ABS 
Sarafian,  H.  —  DE7 
Satz,  H.— AAS 
Sawafta,  R. —  BDS 
Scarlarassa,  F.  —  AB2 
Scarlassara,  F. —  BBIO 
Schaefer,  H.R.  —  EBS 
Schambach,  J. —  BDS,  DBS 
Schecter,  H. —  AB13 
Schelin,  H.  — CB9 
Schmeing,  H. —  AC2,  DDIO 
Schneider,  M.B. —  DCS 
Schnick,  J.— DE9 
Schuck,  P.  —  AEIO 
Schulze,  M.E— EBS 
Schulz,  Y. —  ECS 
Schwandl,  P.  —  BDS,  CD4.  CDS 
Sealock,  R.  —  BBS 
Sedlar,  R.  —  ABS 
Segcr.J.E— EDIO 
Seibert,  D.  —  DB9 
Seifert,  H.L.  —  ACS,  AC4,  BBS 
Sen,  S.— BDS,CC1 
Serdarevic,  A. —  EC2 
Seres,  Z.  —  CB9 
Shamu,  R.E. —  ADI 
S,>.iO,  Y.—  DES 


Sharma,  K.S.  —  DDIO 
Shen,  Qiang — CDS 
Sherrill,  B.M.  —  CCS,  CC7,  CCS, 
CC9 

Shihab-Eldin,  A.  —  ABIS 
Shivakumar,  B.  —  CC4 
Siciliano,  E.R.  —  DE7 
Sick,  I.— EBS,  EBS 
Sistemich,  K.  —  ACIO 
Skalscy.M.— DCl 
Skop''  D.— EBl 
Skopik,  D.M.  — BBS 
Smith,  C.  —  EBS 
Smith,  J.H.— ECI 
Smith,  R.J.  —  DD6,  DD7,  DD8 
Snyderman,  N.J.  —  DCS 
Sober,  D.—  BB9,  EBS 
Sober,  D.I.  —  EB4 
So'oerano,  S.  —  ABS 
Soler,  A.  A.  —  AB9 
Sommerer,  A. —  ED9 
Song,  X.— EB7 
Sorenson,  D.  —  ADS 
Souder,  P.A,— EBS 
Soukup,  J.  —  BBS 
Sousa,  David  —  CDS 
Sowinski,  J.  —  BD2 
Spence,  J.R.—  DC12,  ED9,  EDI  I 
Sperisen,  F. —  BDS 
Spitaleri,  C. —  CD9 
Steinfelds,  E.  —  ADS 
Stephens,  F.S.  —  ABIO 
Stephenson,  E.J. —  BDS 
Stocker,  H.—  DBS,  DE2 
Sloksiad,  R.G.—  DBl,  DB2 
Stoyer,  M. A.  —  ABIO,  ABIS 
Strayer,  M.R.— AB12,  DEIO 

Struble,  G _ BCIO 

Siruble,  G.L.— DBl;  DB2 
Sirullmann,  D.A. —  BBl 
Sugarbaker,  E.R,  —  CD  1 
Sui,  Q.C.— CCIO 
Sustich,  A. —  BE9 
Suzuki,  T. —  DDS 
Swan,  D.—  BB2 
Symons,  T.J.M. —  DB6 

Taddeucci,T.N.— CDI 
Tandy,  P.C  —  ED4 
Tanihala,  I. —  DDS 
Tayloc,  R.L.  — BB7,  DBIO 
Taylor,  S.F. —  DCl  I 
Thaler,  R.M.  —  BE5 
Thompson,  A.  —  EBIO 
Thorne,  J.M.— DC!  1 
Thornton,  S. —  EBf- 
Tiede,  M.  —  CBIO 
Ticger,  D.—  EB9,  EBIO 
Tilley,  D.R.—  BDIO 
Tornow,  W,  —  AD2,  ADS 
'  Townsend,  L.W.  —  CD6 
ls.nng,  B. —  CB9 

Tsang,  M.B.  —  CB2,  CB6,  CB7,  CBS 
Tu,  X.L.  — ACS,  AC4,  BBS 
Tull,C.E— DB6  ■ 

Turner,  M. —  BAl 
Tyson,  K.  —  CB4 

Ullmann,  J.L.  —  ADS 
Umar,  A.S.— ABI2,  DEIO 

Van  den  Brand,  J. —  EBIO 

Vander  Molen,  A.  —  CB4,  CBS,  DB6 

Van  Hcerden,  LJ. —  BBS 

Van  House,  J. —  DCl 

Van  Klinken,  J. —  DDS 

Van  Wormcr,  L. —  DDS 

Vardaci,  E —  ABS 


Varley,  B.J.  —  ACS 
Vary,  J.P.—  AEl  1,  DC12,  EA4, 
ED9,  ED  11 
Vaska.P.— BC2 
Vicente-Vacas,  M.  —  DE7 
Videbaek,F.  — DB1,DB2 
Vieira,  D.J.  —  ACS,  AC4,  BBS 
Vigdor,  S.E.  — BD2 
Villari.  A.C.C  —  ECS 
Viola,  V.— CB6 
Viola,  V.E— CB1,CB2,  CBS 
Viola,  V.E,  Jr.  — CBS 
Vlastou,R.— CDll 
Vogt,  EG.—  ABIO,  ABIS,  BC6 
Vogt,  J.M.— BBS 
Voj!ech.R.J.  — AB9 
Volant,  C—  CBS 
Vonderfecht,  Drain  E.  —  AES 
von  Przewoski,  B.  —  BDS 
von  Reden,  K.F.  —  EB9 

Wada,  E.— ABS,  BB6 
Waddington,  J.C. —  AC9 
Waghmarc,  Y.R.—  BE6 
Walker,  G.E  —  BEIC 
Walker,  R.—  EB6 
Waller,  R,L.—  AD2,  CD12 
Waiig,  J.C.— DCll 
Wang,  T.F.  —  AB4 
Wang,  T.R.—  DDl,  DDS 
Wang,  Y.— CDl 
Ward,  D.  —  AC7,  AC9 
Warner,  R.E.  —  BDS,  CD4,  CDS, 
DD7,  DDS 

Watson,  J.W.  —  ADS,  BD6,  CD2, 
DBS 

Watts,  K.D.— BBl 
Weil,  J.L. -BCl 
Weisenberger,  A.G. —  DD2 
Weiss,  M.S.— BEll 
Weller,  H.R,  —  BDIO,  CAS 
Wells,  D.P.—  EB2 

Wells,  J.C _ AB12,  DEIO 

Wells,  S.P.—  BDS 
Wcniong,  Zen— ECS 
Wcsselborg,  C.  —  BC3 
Westfall,  G.—  DBS 
Westfall,  G.D.  —  CB4,  CBS,  DB6 
Westmeicr,  W.  — ABIl,  ABN 
Whiddon,C.— BD2 
Wieman,  H.—  DBS,  DB6 
Wicsehcr.  M.  —  DDl,  DDS,  DD4 
Wile,  J.L.— CBl,  CB2,  CBS 
Wilets,  L.—  DC4 
Wilhelmy.J.B.  — DB1,DB2 
Williamson,  S.  —  BB9,  EBS,  EC2 
Williamson,  S.E. —  EBS,  EB4 
Wilson,  J.W.  — CD6 
Wdson,  K.— DB6 
Wilson,  R.—  EBS 
Wilson,  W.K.  —  CB4,  CBS 
Winlicld,J.— CDS- 
WinSeId,J.S.  — CBS 
Winger,  J. A.  — CCS,  (:C9 
Winter,  Ch.—  AC7,  ACS,  AC9,  CC4 
Wissink,S.W.  — BD2,  BDS 
Wohn,F.K.— ACIO 
Wolfs,  F.L.H.—  ABS,  BB4,  BC4, 
BC8,  BC9 

Wolosehek,  J.P.  —  AE6 
Woo,  EW.—  CB2,  CB6 
Wood,  J.L,— BC7 
Woodrt'ard,  C. —  EB6,  EBIO 
Wouters,  J.M.— ACS,  AC4,  BBS 
Wozniak,  G.J.  —  CCIO,  DB4 
Wu,  C.Y.  —  ABIO,  ABIS,  BC6 
Wu,J.— AB12,  DEIO 
Wuosmaa,  A.H.  —  AB2,  ABS,  BDIO 
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Xu,  G.— BD2 
Xu.H.M.  — CB2,  CB6,CB8 
Xu,H.S.— DD5 
Xu,  N.— BC2 
Xu,  y.-S.— BC7 


Yamazaki,  M. —  EB9 
Yang,  X.— CB9 
Yales,  S.W.  —  BC11 
Ye,D.  — BC4,  BC8,  BC9 


Yennello,  S.  —  CB6 
Yennello,  S.J.—  CBl,  CB2,  CB3, 
CB8 

Yoder,  N.R.  —  CB3 

Yoo,  G _ CD8 

Young.  A. —  EBIO 
Young,  B. —  CBS 
Yu,  X.  — EBIO 


Zadro,  M.  —  CD9 


Zamick,  L.  —  AEl,  AES 
Zeller,  A.F.  —  CC6,  CC7 
Zganjar,  E.F.  —  BC7 
Zhang,  J. —  CB6 
Zhang,  J.X.— BB2 
Zhang,  J.-Y.—  BC3 
Zhang,  Lisheng —  EDS 
Zhang.  P.H.—  EC6 
Zhang,  W.— DBS 
Zhang,  Xizhi —  EDI  I 
Zhao,  Z.  —  CCS 


Zheng,  D.C.— AE1,AE8 
Zhou,  X.G.  —  AC3,  AC4.  BB3 
Zhou,Z.Y.— AC3,  AC4 
Zhu,F.— CB6 
Ziegler,  W.  —  BBS 
Zimmerman,  B.E.—  BC7 
Zingarelli,  R. —  CBIO 
Zumbrq,  J. —  EBIO 
Zwariz,  G.  —  AC7 
Zybert,  L.  — CDll 


\ 
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ELEVENTH  INTERNATIONAL  CONFERENCE 
ON  THE  APPLICATION  OF  ACCELERATORS  IN  RESEARCH  AND  INDUSTRY 


REGISTRATION  AND  INFORMATION  DESK 

Sunday,  4  November:  3:00  P.M.  -  10:00  P.M.,  Sheraton  Hotel 

Monday,  5  NovembeK  7:45  A.M.  -  4:00  P.M.,  UNT  University  Union  Building  (Lyceum) 
Tuesday,  6  November  7:45  A.M.  -  4:00  P.M.,  UNT  University  Union  Building  (Lyceum) 
Wednesday,  7  November  7:45  A.M.  -  4:00  P.M.,  UNT  University  Union  Building  (Lyceum) 
Thursday,  8  November:  7:45  A.M.  -  4:00  P.M.,  UNT  University  Union  Building  (Lyceum) 


REGISTRATION  FEES 

University  Participants:  $150.00  in  advance**;  S175.00  upon  arrival.  Industrial,  Government  or  National 
Laboratory  Participants:  $225.00  in  advance**;  $250.00  upon  arrival. 

Although  there  is  no  registration  fee,  students  are  required  to  complete  the  registration  form  to  assist  in 
conference  planning.  **Advance  registration  checks  fUS  Currency  only)  must  be  received  prior  to  1  October 
1988  in  order  to  receive  the  advance  reelstratlon  price. 

REGISTRATION  FORM  BELOW 


REGISTRATION  FORM  (please  print)  for  the  Eleventh  International  Accelerator  Conference  11/5-8/90 

NAME  _ 

Last  First/M.l.  Position/Title 

INSTITUTION  _ _ 

ADDRESS  _ 

Stiect  and/or  P.O.  Box  and  Mail  Stop/.Mail  Zone 


City  Statc/Province  Zip  Code/Postal  Code  Country 

Business  Telephone  j _ | _ FAX#( _ ) _ Home  #  ( _ )_ 

Area  Code  &  Number  Area  Code  &  Number  Bitnet  Area  Code  &  Number 

PARTICIPANTS; 

University  Industrial  Government  or  National  Labs  Students 

S150  in  Advance’  S225  in  Advance’  No  Charge 

S175  upon  Arrival  5250  upon  Arrival 

"Advance  Reeistralion  Checks  must  be  received  prior  to  October  1, 1990,  m  order  to  receive  the  Advance  Registration  Pnee. 

Send  form  to  Accelerator  Conference,  Physics  Department,  University  of  North  Texas,  P.O.  Box  5368,  Denton,  TX  76203-5368  U5  A. 


BANQUET  -  UNT  Coliseum 

The  Banquet  is  set  for  Wednesday  evening,  November  7,  1990,  from  6:30  to  9:00  p.m.  in  the  UNT  Coliseum. 
The  charge  is  S15.00  per  person.  This  may  be  paid  at  Registration  or  sent  in  with  your  registration  payment. 

SOCIAL  HOURS  -  University  Union  Building,  Second  (2nd)  Floor 


Sunday,  November  04,  1990: 
Monday,  November  05,  1990: 
Tuesday,  November  06,  1990: 
Wednesday,  November  07,  1990 


19:00  -  21:30 

17:00  -  18:30  &  21:00  -  22:30 
17:00  -  18:30  &  21:00  -  22:30 
17:00  -  18:30  &  21:00  -  22:30 
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ELEVENTH  INTERNATIONAL  CONFERENCE 
ON  THE  APPLICATION  OF  ACCELERATORS  IN  RESEARCH  AND  INDUSTRY 


HOUSING 

Motcl/Hotel/Dormitories  Single  Double  Telephone  Telephone 

(2  persons 
unless  stated 

otherwise  Toll  Free  # 


Sheraton,  Denton  53.00  58.00  817-565-8499  USA: 

Convention  Headquarters  800-325-3535 

2211  I-35E  North,  Denton,  TX  76205 

Best  Western,  Denton  $23.00  $26.00  817-383-1681  800-528-1234 

3116  Bandera  (I-35E  @  University  Drive)  Denton,  TX  76201 

Delux  Inn,  Denton  21.00  26.00  817-566-1990  none 

Refrigerator  &  Microwave  is  $2.00  extra;  each  additional  person  is  $3.00 
601  Highway  I-35E,  Denton,  TX  76201 

Exel  Inn,  Denton  24.95  29.95  817-383-1471  800-356-8013 

(1  or  2  persons)  (up  to  5  persons) 

4211  Highway  I-35E.  Denton,  TX  76201 

Holiday  Inn,  Denton  45.00  for  up  to  5  persons  817-387-3511  800-465-4329 

Highway  I-35E  @  Dallas  Drive:  Teasiey  Lane  Exit  (north)  to  Dallas  Drive  (south),  Denton,TX  76201 

La  Quinta,  Denton  31.00  35.00  817-387-5840  800-531-5900 

Highway  I-35E  @  Fort  Worth  Drive,  Denton,  TX  76201 

Motel  6,  Denton  21.95,  $6.00  each  additional  person  817-387-0571  none 

Highway  I-35E  @  University  Drive  Exit,  travel  west  access  road  north,  Denton,  TX  76201 

Auburn  Inn,  Denton  37.00  37.00  817-387-0591  800-955-7829 

Breakfast  included 

Highway  1-35E  @  Teasiey  Lane,  Denton,  TX  76201 

Royal  Hotel  Suites,  Denton  22.00  34.00  817-383-2007  none 

1210  I-35E  @  McCormick  Road,  Denton,  TX  76201 

TEXAS: 

Hampton  Inn,  Lewisville  37.00  37.00  214-434-1000  800-HAMPTON 

200  N.  Stemmons  (1-35),  Lewisville,  TX 

Holiday  inn,  Lewisville  42.50  49,00  214-462-1122  800-325-3535 

2398  S.  Stemmons  (1-35),  Lewisville,  TX 

LaQuinta  Inn,  Lewisville  30.00  34.00  214-221-7525  800-531-5900 

1657  Stemmons  Fwy  (1-35),  Lewisville,  TX 

Ramada  Inn,  Lewisville  39.95  39.95  214-221-2121  800-221-2121 

Continental  Breakfast  included 
1102  Texas  (1-35  &  Hwy  121),  Lewisville,  TX 


FURTHER  INFORMATION 

For  further  information  in  regard  to  the  Accelerator  Conference  contact: 
Dr.  Jerome  L.  Duggan 

The  University  of  North  Texas  For  Overnight  Delivery: 

Department  of  Physics  Physics  Building 

P,  O.  Box  5368  Avenue  ,A  &  Mulberry 

Denton,  TX  76203-5368  Denton,  TX  76203-5368 

Work  Phone:  (817)  565-3252 

Home  Phone:  (817)  382-1983 

FAX:  (817)  565-2227 
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Program  of  the  Eleventh  International 
Conference  on  the  Application  of  Accelenitors 
in  Research  and  Industry 
Denton,  Texas;  5-8  November  1990 


PREAMBLE 

The  Eleventh  International  Conference  on  the  Applica¬ 
tion  of  Accelerators  in  Research  and  Industry  will  be  held 
in  the  University  Union  Building  on  the  campus  of  the 
University  of  North  Texas  (UNT)  in  Denton,  Texas.  The 
dates  of  the  conference  are  5-8  November  1990.  Denton 
is  located  in  the  the  Dallas/Fort  Worth  (DFW)  Metro- 
plex,  27  miles  from  the  DFW'  International  Airport. 
There  also  will  be  a  one-day  workshop,  Sunday,  4  No¬ 
vember  1990,  on  small  tandem  accelerators.  This 
workshop  will  be  at  the  Sheraton  Hotel,  which  is  located 
on  the  campus  of  the  University  of  North  Texas.  Registra¬ 
tion  for  the  workshop  will  be  limited  to  eighty  partici¬ 
pants.  The  registration  fee  for  the  workshop  is  $30.00  and 
can  be  paid  upon  arrival  at  the  workshop  registration  desk 
in  the  Sheraton.  This  registration  fee  is  separate  and  apart 
from  the  accelerator  conference  registration.  The 
workshop  runs  from  14:00-19:00  on  Sunday,  4  November 
1990.  Registration  for  the  workshops  is  limited  to  100 
participants. 

AIR  TRAVEL  AND  CAR  RENTAL 

American  Airlines  and  Avis  Rent-A-Car  are  the  ofhcial 
travel  companies  for  this  conference.  For  discounted 
domestic  or  international  air  fare  and  car  rental 
information/reservations,  call  American’s  Meeting  Ser¬ 
vices  Desk  at  800-433-1790  or  your  travel  agent  and  give 
American’s  Star  File  #S-02N04G.  For  detailed  informa¬ 
tion  write  to  the  Accelerator  Conference  Office  listed 
below  or  call  817-565-3250. 

TRANSPORTATION 

Between  Denton  and  DFW  Airport: 

Sunday,  4  November— Dallas  Area  Rapid  Transit 
(DART)  buses  will  depart  American  Airlines  Terminal  3 
E,  B1  Doorway  (near  Gate  32),  Upper  Level,  every  hour 
beginning  at  12.00  through  22.00.  If  you  come  into  DFW 
International  Airport  at  a  terminal  other  than  American, 
your  should  ride  the  Air  Trans  train  to  American  Termi 
nal  3  E,  B1  Doorway  (near  Gate  32),  Upper  Level.  There 
will  be  a  fee  of  S15  (one  way),  $25  (round  trip)  for  the  ser¬ 
vice  between  DFW'  Airport  and  the  conference.  Please 
pay  in  American  currency.  Participants  who  do  not  rent 
cars  are  urged  to  ride  the  official  accelerator  conference 
bus  (marked  Accelerator  Conference).  Financially,  it  is 
difficult  for  us  to  manage  this  bus  service  unless  Ovir  parti 
cipants  use  it. 

Thursday,  8  November — Return  to  DFW  Airport  every 
2y  hours  beginning  at  12:00  through  19:30. 

Friday,  9  November — Return  to  DFW  Airport  every  hour 
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beginning  at  7:00  through  12:00. 

Taxi  service  is  available  to  and  from  DFW  Airport  but  ar¬ 
rangements  need  to  be  made  at  least  24  hours  in  advance: 
Phone  Denton  Cab  Company  817-382-2544. 

Airport  Shuttle  also  runs  a  shuttle  service  between  Denton 
and  DFW  Airport.  For  reservations  call  817-565-9936, 
1  to  5  days  in  advance. 

If  you  rent  a  car  at  the  DFW  Airport,  there  are  now  plen¬ 
ty  of  parking  areas  for  visitors  at  UNT  near  the  confer¬ 
ence.  A  parking  garage  is  available  at  the  intersection  of 
Welch  and  Prairie  Streets,  one  block  from  the  University 
Union  Building.  Parking  stickers  and  information  can  be 
obtained  at  the  Sullivant  Information  Center  at  UNT. 
This  center  can  be  reached  by  taking  the  Avenue  D  exit 
from  Highway  1-35  North.  After  you  exit,  stay  on  the 
northbound  service  road  for  one  block.  The  Sullivant 
Visitor’s  Center  will  be  on  your  right. 

UNT  Shuttle  Service:  For  your  convenience,  the  UNT 
Shuttle  Service  will  be  operating  to  transport  the  partici¬ 
pants  back  and  forth  to  the  hotels  and  campus  conference 
facilities. 

This  Bulletin  of  the  American  Physical  Society  contains  the 
complete  program  for  the  conference.  Participants  who 
are  members  of  the  American  Physical  Society  should 
bring  this  Bulletin  with  them  to  the  meeting.  A  limited 
number  of  copies  of  this  Bulletin  will  be  passed  out  at  the 
conference  to  non-APS  members. 

The  conference  is  being  supported  by  the  DOE,  NSF, 
NBS,  SDIO,  The  Oak  Ridge  Associated  Universities,  and 
UNT.  It  will  consist  of  two  symposia  which  essentially 
run  in  parallel.  These  are  the  “Symposium  on  the  Use  of 
Accelerators  in  Research"  and  the  “Sy  mposium  on  Indus¬ 
trial  Applications  of  Accelerators.”  Sessions  are  arranged 
in  such  a  manner  that  participants  can  easily  interchange 
between  the  symposia. 

The  conference  is  composed  of  362  invited  papers  and  158 
contributed  pre.sentations.  The  invited  papers  are  divided 
between  the  following  groupings.  Those  papers  concern¬ 
ing  industrial  applications  |30  scssionsi  and  those  related 
to  research  activities  with  accelerators  (23  sessions/.  Most 
contributed  papers  will  be  presented  in  the  poster  sessions. 
These  arc  poster  session  PA,  which  will  take  place  Mon¬ 
day  evening,  5  November  in  the  hallways  and  classrooms 
of  the  Physics  Building  from  19:00-21:00,  and  poster  ses¬ 
sion  PB,  which  will  take  place  Thursday  afternoon,  8  No- 
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vember  in  the  Silver  Eagle  Suite  of  the  University  Union 
Building  from  14:00-16:00.  Participants  in  session  PA 
may  set  up  their  posters  starting  at  16:00  on  Monday,  5 
November.  They  should  be  removed  by  22:00  that  even¬ 
ing.  Participants  in  poster  session  PB  may  set  up  their 
posters  anytime  after  10:00  on  Thursday,  8  November. 
They  should  be  removed  by  18:00  on  that  day.  Each  post¬ 
er  paper  will  be  mounted  on  a  poster  board  that  is  160-cm 
wide  by  120-cm  high.  A  complete  set  of  instructions  for 
displaying  poster  material  at  APS  conferences  can  be 
found  in  the  back  of  most  issues  of  the  APS  Bulletin. 
Your  assigned  poster  station  can  be  found  in  the  room. 
You  should  be  at  your  poster  station  for  at  least  the  first 
hour  during  this  session. 

POSTDEADLINE  ABSTRAC1& 


EPITOME 

SUNDAY  EVENING 

19:00  Optning  Reception.  University  Union 

Building,  Second  Floor. 

MONDAY  MORNING 

8.45  Welcome.  English  Building,  Auditorium. 

Duggan,  Morgan,  Chairman  of  the 
Department  of  Physics  West,  Associate 
Vice-President  for  Research  and  Gradu¬ 
ate  Dean  Schafer,  and  President  Hurley. 

9.00  AA  General  Session.  English  Building,  Main 
Auditorium.  Grodzins,  Briggs,  Wein¬ 
berg. 


Postdeadline  abstracts  will  be  accepted  for  this  meeting. 
These  papers  will  be  presented  as  poster  papers  in  either 
poster  session  PA  or  PB.  The  format  for  this  presentation 
is  exactly  the  same  as  for  a  regular  poster  paper.  We  will 
accept  postdeadline  poster  papers  until  1  November  1990. 
A  limited  number  of  these  papers  will  be  published  in  the 
conference  proceedings.  Participants  who  give  postdead¬ 
line  poster  papers  must  be  registered  for  the  conference. 

The  proceedings  of  the  conference  will  be  published  by  El¬ 
sevier  Science  Publishers  B.V.  They  are  scheduled  to  ap¬ 
pear  in  the  April  1991  issue  of  Nuclear  Instruments  and 
Methods.  In  the  instructions  that  you  will  receive,  de¬ 
tailed  information  is  provided  for  preparing  the  paper. 
Since  the  manuscripts  will  be  typeset  by  the  staff  at  El¬ 
sevier  Science  Publishers  B.V.,  camera-ready  papers  are 
not  necessary.  However,  the  figures  and  the  appropriate 
size  lettering  on  the  figures  must  b:  camera-ready.  The  in¬ 
structions  that  you  will  receive  spell  out  all  the  dos  and 
don’ts  with  respe  :1  to  manuscript  preparation.  The  com¬ 
plete  manuscripts  for  both  the  invited  and  contributed  pa¬ 
pers  must  arrive  in  the  conference  office  at  UNT  prior  to  1 
October  1990.  These  papers  will  be  refereed  prior  to  the 
conference  and  sent  to  Amsterdam  immediately  after  the 
conclusion  of  the  conference. 

Important  Notice:  Because  of  the  size  of  this  conference,  it 
will  be  impossible  for  us  to  publish  in  the  proceedings  pa¬ 
pers  that  arrive  after  our  1  October  1990  deadline.  In  the 
past  this  deadline  has  been  somewhat  flexible.  This  year 
no  papers  can  be  accepted  for  publication  after  the  I  Oc¬ 
tober  1990  deadline. 

The  proceedings  of  this  conference  will  be  provided  to  all 
paying  participants.  For  those  who  do  not  attend  the 
conference,  copies  may  be  obtained  by  writing  North- 
Holland  Publishing  Co.  or  the  organizers  of  this  confer¬ 
ence. 

The  twelfth  conference  in  this  scries  is  being  planned  by 
the  Organizational  Committee.  It  will  take  place  in  Den¬ 
ton,  Texas  in  November  1992. 

Jerome  L.  Duggan 
I.  Lon  Morgan 
Conference  Chairmen 
University  of  North  Texas 


MONDAY 
14:00  BA 


14:00  BB 


14:00  BC 


14.15  BD 


14.00  BE 


14.00  BF 


14:00  BG 


AFTERNOON 

lon-Bcam  Analysis.  Union  Building, 
Golden  Eagle  Suite  A.  Tesmer,  Bozoian, 
Leavitt,  Rauhala,  Dobeli,  Ziegler,  Gos¬ 
sett. 

Commemorative  Session  for  Dr.  Paul  A. 
Treado.  Physics  Building,  Room  102. 
Slaus,  Brown,  Lightbody,  Howell,  Leh¬ 
man,  Cranell,  Roos,  Rolfs,  Rodney. 
Accelerator  Technology.  Union  Building, 
Golden  Eagle  Suites  B  and  C.  Gilman, 
Jameson,  Rhoades-Brown,  Iwatn, 
MacGowan. 

Government .  Funding  for  Research. 
Union  Building,  Lyceum.  Schoen,  Ber- 
lincourt,  Stephens,  Cooper. 

Activation  Analysis  and  Nuclear  Reac¬ 
tion  Analysis.  Union  Building,  Room 
410.  McKlveen,  Supernau,  Weinlein, 
Rauch,  Qiu,  Forster,  Debrun,  Bethge, 
Rickards. 

Atomic  Physics  and  Related  Phenomena. 
Union  Building,  Room  412.  Zouros, 
Reinhold,  Olson,  Ullrich,  Schneider,  Cha- 
bot,  DePaola. 

Ion  Sources  and  Control  Systems. 
Union  Building,  Room  418.  Stockli, 
Berry,  May,  Myers,  Rathmell,  Clegg, 
Korschinek. 


MONDAY  EVENING 

17:00  Social  Hour.  Union  Building,  Second 

Floor. 

19:00  CA  Accelerator  Technology.  Art  Building, 

Room  223.  Debiak,  D.  A.  Swenson, 
Schempp,  Fink,  Little,  Hamm. 

19:00  CB  Accelerator  Targetry.  Union  Building, 

Room  411.  Greene,  Maier,  Maier- 
Komor,  Pauwels,  Pengo,  Thomas. 

19.00  CC  Ion  Implantation.  Union  Building, 

Room  410.  Andreadis,  Ensinger, 
Earwaker,  Williamson,  Bridwell,  Nielsen, 
Dearnaley. 

19:00  CD  Accelerator  Technology.  Union  Building, 
Room  412.  Frawlcy,  Whitlow,  Walton, 
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Johnson,  Botwin,  Correll. 

19:00  CE  Single-Event  Upsets.  Union  Building, 

Golden  Eagle  Suite  A.  Pickel,  Knudson, 
Murray,  Thieberger,  Sexton,  Letaw. 

19:00  PA  Poster  Se.ssion:  Atomic  Physics  and  Re¬ 
lated  Phenomena,  Energy  Loss,  Nuclear 
Physics.  Phys.  Bldg.,  1st  &  2nd  Firs. 

21:00  Social  Hour.  Union  Building,  Second 

Floor. 

TUESDAY  MORNING 

9:00  DA  Radioactive  Beam  Experiments  I.  Union 

Building,  Room  410.  Rolfs,  Malaney, 
Kajino,  Nagai,  Paradellis,  Gorres,  Gal- 
ster,  Becchetti,  Cormier,  Sherrill. 

9:00  DB  Ion  Implantation.  Union  Building, 

Room  412.  Neri,  Culbertson, 
McCafferty,  Cheung,  Herbots,  Volkcrt, 
Nielsen. 

9:00  DC  Photon-Ion  Interaction  Using  Fast 

Beams.  Physics  Building,  Room  102. 
Rau,  Quick,  Thompson,  Lineberger, 
Walter,  Dinneen,  Johnson,  Larson. 

9:00  DD  Positron  Beam  Experiments  and  Facilities 
1.  Union  Building,  Golden  Eagle  Suite 
A.  Canter,  Cowan,  Diana,  Howell, 
Lynn,  Okada,  Schaefer,  Hulett. 

9:00  DE  Atomic  Physics  and  Related  Phenomena. 

Physics  Building,  Room  104.  Schwab, 
Mansour,  Leventhal,  Kadar,  Ezell,  Ford, 
Elkomoss. 

9:00  DF  Accelerator  Technology.  Union  Building, 

Room  418.  Jackson,  Moser,  Mosko, 
Newman,  Newnrm,  Young. 

9:00  DG  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Golden  Eagle  Suites  B 
and  C.  Church,  Giese,  Clark,  Dunford, 
Salin,  Ricz. 


TUESDAY  AFTEROON 

14:00  EA  Positron  Beam  Experiments  and  Facilities 
II.  Union  Building,  Golden  Eagle  Suite 
A.  Shaw,  Schneider,  Segers,  Stoll,  Shar- 
ma,  Weiss,  Hulett,  Jean,  Jones. 

14:00  EB  Radioactive  Beam  Experiments.  Union 
Building,  Room  410.  Mueller,  Buchman, 
Stokstad,  D’Auria,  Walker,  Ryckewaert, 
Feinberg,  Hass,  Boyd. 

14:00  EC  Nonlinear  Effects  in  ECR-Gcnerated 
Plasmas.  Union  Building,  Room  412. 
Wollnik,  Reiser,  O’Shea,  Whcalton,  An- 
taya.  Petty. 

14:00  ED  Nuclear  Physics.  Union  Building,  Gold¬ 
en  Eagle  Suites  B  and  C.  Mitchell, 
Becker,  Madcy,  Mougev,  Holbrow,  Ried- 
inger,  Tribble. 

14:00  EE  Atomic  Physics  and  Related  Phenomena. 

Physics  Building,  Room  102.  Rothard, 
Briand,  Andersson,  Grandin,  Furst, 
MacAdam. 


14:00  EF  Accelerator  Mass  Spectrometry.  Biology 
Building,  Room  200.  Anthony,  Davis, 
Houzhi,  Suter,  Tuniz,  Kubik,  Kieser. 


TUESDAY  EVENING 

17:00  Social  Hour.  Union  Building,  Second 

Floor. 

19:00  FA  Synchrotron  Radiation  1.  Physics  Build¬ 

ing,  Room  102.  Johnson,  Siddons, 
O’Brien,  Morgan,  Southworth,  Kravis, 
Levin,  Meron,  Robinson,  Lindle, 
Caldwell,  Azuma. 

19:00  FB  Ion  Implantation.  Union  Building, 

Room  411.  Torp,  Stephens,  McKee, 
Marshall. 

19:00  FC  Nuclear  Microprobes.  Union  Building, 

Room  412.  Saint,  Pallon,  Sie,  Lindh, 
Pontau,  Kubena,  Cholewa. 

19:00  FD  Accelerator  Technology.  Union  Building, 

Golden  Eagle  Suites  B  and  C.  Ober- 
schachtsiek,  Prasad,  Price,  Lin,  Jones, 
Liu,  Lawrence. 

19:00  FE  Selected  Topics:  Ion  Sources,  Rail 

Guns,  Explosive  Detection.  Union 
Building,  Room  418.  Tsai,  Habiger, 
Whitham,  Zhao,  Harriman,  Hayes, 
Krasnov. 

21:00  Social  Hour.  Union  Building,  Second 

Floor. 


WEDNESDAY  MORNING 

9:00  GA  RBS,  Channeling,  and  ERDA.  Union 

Building,  Room  410.  Xiong,  Bakhru, 
Robertson,  Tirira,  Keenan. 

9:00  GB  Cluster  Impacts.  Union  Building,  Room 

412.  Tombrello,  Schweikert,  Shapiro, 
Della-Negra. 

9:00  GC  Medical  Applications  of  Accelerators. 

Union  Building,  Room  411.  Valkovic, 
Votaw,  Mallory,  Lennox,  Lambrecht, 
Jongen. 

9:00  GD  PIXE.  Union  Building,  Golden  Eagle 

Suite  A.  Vis,  Maenhaut,  Kusko,  Swann, 
Ghcrmandi,  Thompson,  Thomson, 
Watjen,  Zanini. 

9:00  GE  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Room  418.  Schulz, 
Schmidt-Bocking,  Phancuf,  Beiersdorfer, 
Bicdcrmann,  Waggoner,  Cheng.  Kamber, 
Schoene. 


WEDNESDAY  AFTEROON 

14.15  HA  Superconducting  Super  Collider.  Union 
Building,  Lyceum.  Trilling,  Dibitonto, 
Brau,  Sulak,  Cox,  Lockycr. 

14:00  HB  Accelerator  Technology.  Union  Building, 
Room  410.  Youngblood,  Miller,  Fox, 
McKcnzie-Wilson,  Schroedcr,  Hakamata, 
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Zinkann. 

14:00  HC  Radiation  Processing.  Union  Building, 
Room  412.  Sadat,  Nablo,  Stirling,  Cle- 
land,  Smittlc,  Blind. 

14:00  HD  Accelerator  Production  of  Medical  Ra¬ 
dioisotopes.  Union  Building,  Room  411. 
Michaels,  Hichwa,  Sharp,  Lagunas-Solar, 
Boothe,  Schlyer. 

14:00  HE  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Golden  Eagle  Suite  A. 
Heber,  Kimura,  Knystautas,  Mannami, 
Powers,  Musket,  Vane. 

14:00  HE  Atomic  Physics  and  Related  Phenomena 
(Storage  Rings).  Union  Building,  Golden 
Eagle  Suites  B  and  C.  Wolf,  Kristensen, 
Tanis,  Kuhl,  Schuch,  Poulsen. 


,  WEDNESDAY  EVENING 

17:00  Social  Hour.  Union  Building,  Second 

Floor. 

13:30  Banquet.  University  of  North  Texas 

Coliseum. 

21:00  Social  Hour.  Union  Building,  Second 

Floor. 

21.00  Tra\eling  Physics  Circus.  Physics  Build¬ 

ing,  Room  102.  Karl  Trappe,  Rory 
Coker  and  The  Physics  Demonstration 
Group,  Physics  Department,  University 
of  Te.xas,  Austin. 


THURSDAY  MORNING 

9:00  lA  Synchrotron  Radiation  II.  Union  Build¬ 
ing,  Room  410.  Huber,  Schlachter, 
Rowe,  Craft,  Keller,  Sah,  Jones. 

9:00  IB  Atonic  Physics.  Union  Building,  Gold¬ 
en  Eagle  Suite  A.  Watson,  Straton, 
McGuire,  Rudd,  Richard,  Zoran, 
Wanser. 

9:00  IC  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Golden  Eagle  Suites  B 
and  C.  Graham,  Chen,  Kanter,  Benhen- 
ni,  Bhalla,  Hahn,  Anthony,  J.  K.  Swen¬ 
son,  Reeves,  Bissinger,  Cisneros. 


9:00  ID  Surface  Analysis  with  Ion  Beams.  Union 

Building,  Room  418.  Tolk,  Heiland, 
Strathman,  Li-Scholz,  Smith,  Qiu. 

9:00  .IE  Tomography — Radiography  and  Intense 

Sources.  Union  Building,  Room  411. 
Hopkins,  Agee,  Antolak,  Dance,  Davan- 
loo,  Dilmanian,  Hurley,  Zeman. 

9:00  IF  Nuclear  Physics.  Union  Building,  Room 

412.  Toth,  Spooner,  Bhatia,  Nelson, 
Trautvetter,  Nagame,  Iwata,  Miljanic. 

THURSDAY  AFTERNOON 

14:00  JA  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Room  412.  Fuelling, 
Echenique,  Heil,  Flores,  Sabin,  Smith, 
Weathers. 

14:00  JB  Selected  Topics.  Union  Building,  Golden 
Eagle  Suite  A.  Vourvopoulos,  Langanke, 
Summers,  Kim,  Wustenbecker,  Fischbeck. 

14:00  JC  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Golden  Eagle  Suites  B 
and  C.  Zeijimans  van  Emmichoven, 
Triibert,  Stolterfoht,  Stohlker,  Shingal, 
Shafroth,  Quarles. 

14:00  JD  Atomic  Physics  and  Related  Phenomena. 

Union  Building,  Room  410.  Dietrich, 
Brun,  Havener,  Guardala,  Del  Grande, 
Fou. 

14:00  JE  Ion  Microbearns.  Union  Building,  Room 
418.  Campbell,  Jaksic,  Yang,  Grime, 
Doyle,  Klody,  Staifan  Tapper. 

14:00  PB  Poster  Session:  Particle  Induced  X-Ray 
Emission  (PIXE),  Rutherford  Back- 
scattering  and  Channeling  (RBS),  Nuclear 
Reaction  Analysis,  Neutron  Activation 
Analysis,  Ion  Implantation,  Medical  Ap¬ 
plications,  Accelerator  Technology,  Tar¬ 
gets,  Accelerator  Mass  Spectrometry, 
Detectors,  and  Spectrometers.  Union 
Building,  Silver  Eagle  Suites  A,  B,  and 
C.  (The  Poster  Session  is  split  as  PB 
and  PB'  for  indexing  purposes  only. 
This  is  all  one  session.) 

14:00  PB'  See  Session  PB. 


Vol.  35,  No.  8  (1990) 


1693 


Monday  Afternoon 

MAIN  TEXT 


WELCOME. 

Monday  morning,  5  November  1990;  English  Building,  Auditorium  at  8:45; 
Duggan,  Morgan,  West  (Chairman  of  the  Department  of  Physics), 

Schafer  (Associate  Vice-President  for  Research  and  Graduate  Dean), 
and  Hurley  (President  of  The  University  of  North  Texas,  Denton) 


SESSION  AA:  GENERAL 

Monday  morning,  5  November  1990;  English  Building,  Main  Auditorium  at  9:00; 

J.  M.  Lambert,  Georgetown  University,  presiding 

AA  1  Nuclear  Probes  for  Detecting  Chemical  Explosives.  L.  GRODZINS,  Massachuseiu  Institute  of  Technology.  '.30  min.’ 


More  than  a  dozen  nuclear-based  techniques  have  been  proposed  for  rapidly  scanning 
airport  luggage  to  find  hidden  explosives  by  measuring  their  elemental  distributions.  In 
almost  every  scheme,  the  technological  challenge  is  the  accelerator,  which  must  produce  its 
intense  beans  of  neutrons  or  photons  —  whether  pulsed  or  D.C.  —  in  an  airport  environment, 
perhaps  even  in  an  airport  concourse.  The  accelerator  must  be  small,  well-shielded,  and 
cost-effective.  It  must  be  operable  by  nominally-trained  personnel,  with  minimum  unscheduled 
downtime  for  repairs  or  service.  The  paper  will  summarize  the  physics  and  technology  of  the 
most  promising  of  the  imaging  schemes,  with  special  emphasis  on  the  accelerator  requirements. 


1 

AA2  An  Overview  of  the  SSC  Project.  R.  3.  BKIGGS,  Superconducting  Supercollider  Leboratory.  (40  min.)  | 


The  technical  objectives,  milestones,  and  current  status  of  the  Superconducting  Super 
Collider  project  are  described.  The  accelerator  consists  of  an  injector  complex  with 
a  linear  accelerator  and  three  booster  synchotrons,  and  two  54  mile  circumference 
collider  rings  where  oppositely  directed  proton  beans  are  accelerated  to  20  TeV  per 
beam  and  the  superconducting  dipole  magnet  is  a  key  technology  element  that  comprises 
about  1/3  of  the  machine  cost.  The  paper  will  summarize  the  current  status  of  the 
development  of  the  magnets  and  other  key  technology  elements.  The  implementation  of 
this  scientific  mega-project  relies  heavily  on  partnerships  between  the  SSC  Laboratory 
and  industry,  and  these  relationships  should  facilitate  industrial  applications  of 
the  SSC  technology  developments. 


AA3  Pfa}:sics  with  the  SSC  S.  WEINBERG  (Nobel  Laureate),  Un/rm/tyo/TexavaMuirm.  (SO  min.) 


SESSION  BA:  ION-BEAM  ANALYSIS 

Monday  afternoon,  5  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  14:00; 
J.  F.  Ziegler,  IBM  Corporation,  presiding 


BA  1  Identification  and  Compilation  of  High-Energy  Nuclear  Reaction  Cross  Sections  for  Ion-Beam  Analysis.* 

J.  R.  TESMER,  Los  Alamos  National  Laboratory.  (20  min.) 

There  has  recently  been  an  increased  interest  aimng  tnatenals  sdenusis  in  higher -energy  nuclear  reactions  for  ion-beam  analysis. 
These  reactions  include  both  non-Rutheiford  elastic  cross  sections  for  baducattciing  analysis  as  well  as  nuclear  reactions  with 
higher-mass  projectiles  such  as  IHe  and  Li.  Increased  energies  makes  available  a  wealth  of  nuclear  structure  data.  Unforiuriaiely , 
there  is  an  immense  airxiuni  of  data  published,  with  only  a  small  part  useful  to  materials  scientists.  Ihc  problem  becomes  one  of 
eHiaently  sorting  through  the  data.  One  approach  is  to  take  a  problem  and  search  the  literature  for  a  better  solution.  The  oj^site 
IS  to  search  the  literature  to  identify,  within  constraints,  all  the  useful  data,  as  well  as  data  that  is  trussing.  Both  of  these  methods 
will  be  discussed  m  the  context  of  formulating  a  compilation  of  useful  nuclear  structure  data  for  inclusion  m  a  new  handbook  for 
materials  saenosts.  Examples  will  be  given  of  how  and  where  to  search  for  the  data  as  well  as  constraints  that  can  be  placed  on 
the  data  set. 

*  Supported  under  the  auspices  of  the  U.S.  Department  of  Energy. 


BA  2  Thresholds  of  Non-Rutherford  Nuclear  Cross  Sections  for  Ion-Beam  Analysis. 
M.  BOZOIAN,  Los  Alamos  Kotional  Laboratory.  (20  min.) 


A  recently  developed  theoretical  model,'  based  upon  classical  scattering  from  a  Coulomb  field  m  the  presence  of  a  weakly 
perturbing  Y ukawa-like  nuclear  field,  predicts  (he  modem  ion  energy  at  which  elastic  backscatteiing  cross  seertons  begin  to 
deviate  from  theit  Rutherford  values.  The  model,  parameterized  with  two  nuclear  constants,  a  potential  and  a  length,  is  m 
good  agreement  with  expenmental  data  fot  proton  and  helium  ion  beams.  Using  the  little  back^nenng  data  available  and 
sevoal  low-energy  optical  models,  the  model  has  been  augroentwl  to  mclude  ^H,^He,  ''Li,  "'Ll,  and  ion  beams  by  simply 
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accounting  foi  projectile  mass  and  isotopic  differences  ben-een  low  Z  projectiles,  especially  Z  =  1  and  Z  Z  The  oti^nal 
foim  of  the  model  is  retained,  including  iIk  values  of  the  two  nuclear  constants,  howe\-ei,  now  the  nuclear  potential  includes  a 
simple  factor  involving  projectile  Z  and  A  numbers.  The  revised  model  is  in  good  agreement  with  available  data  and  optical 
model  calculations.  New  e^rimental  results  for  ^Li  and  ''Li  ion  beams  compart  with  the  revised  mo^  are  presented 
elsewhere  at  this  conference.^ 

‘M.  Bozoian  er  al.,  accepted  for  publication  in  Nucl.  Instr.  Meth.  B  (1990). 

~K.  M.  Hubbard  et  al.,  proceedings  of  this  conference. 


BA  3  Non-Rutherford '‘He  Cross  Seetions  for  Ion*Beam  Analysis.*  J.  A.  LEAVITT,  t'«/r</jiryo//lriiona.  (20minJ 


creasing  use  of  ^Hc  analysis  beans  with  energies  between  3  and  lOMeV  for  de!>th  profiling 
J  bachscattering  analysis  of  thin  filns  and  near-sueface  catcrials  requires  accurate  ceas- 
w,cd  values  of  non-Rutherford  cross  sections  for  scattering  of  *llc  by  the  lighter  clcnents. 
Cross  sections  for  scattering  of  ''He  through  large  angles  deviate  fron  Rutherford  at  'hc 
laboratory  energy  =  2.2KeV  for  target  nuclei  and  **0;  deviations  for  target  atosiic  nua- 

ber  Z  •  20  and  40  occur  at  ''He  energies  of  about  5  and  lOKeV,  respectively.  Kc  review  the 
experisental  cross  section  data  currently  a-vailable  for  large  angle  scattering  of  'lie  fros 
the  light  eleacnts  (4  d  Z  1  20)  for  incident  'hc  laboratory  energies  1.5  to  lOXeV.  For  each 
target  clesent,  we  indicate  energy  regions  with  saooth  cross  section  -variation  suitable  for 
use  for  siople  backscatteiing  analysis  as  well  as  strong  narrow  resonances  that  Bay  be  used 
for  depth  profiling  light  elesents  in  heavy-eleacnt  satrices.  He  discuss  experiBcntal  prob- 
less  related  to  ecasuresent  of  cross  sections  including  target  design,  energy  calibration, 
interference  froa  nuclear  reaction  products  and  the  effect  of  inelastic  scattering. 

‘Suiiported  in  part  by  the  Arizona  Research  laboratories,  the  Optical  Data  Storage  Center  and 
the  Air  Force  Office  of  Scientific  Research  (University  Pcscarcti  Initiative  Prograa) . 


BA  4  Protons,  Helium,  and  Hear}-  Ions  in  Backscaltering  Analysis  of  Higb-7^  Snpereonductois.* 
E.  RAVHAL.\, /IcceleratorLabcraroiy.  Unicerjity  of  Helsinki,  Finland.  (20  min.) 


Ion  backscatiering  spectra  for  'H,  ‘He,  'Li,  “C,  “O,  and  ions  incident  on  thin  and  thick  superconductor 
samples  in  the  energy  range  2-28  MeV  have  been  measured.  The  spectra  are  analyzed  by  using,  a  computer 
program  package  for  ion  backscattering  data  analysis.  The  general  characteristics  of  the  ion  beams  for  the 
backscatteting  analysis  of  superconduaors  both  in  the  Rutherford  and  Non-Ruthetford  energy  regime  are 
discussed.  The  advantages  and  disadvantages  of  using  proton  and  heavy  ion  beams  are  compared  to  those 
of  ‘He  ion  backscattering. 

*  Collaboration  with  N.  NATH,  Physics  Department,  Kurukshetra  University,  Kurukshetra‘132119,  India  and 
J.  SAARJDLAHn,  Semiconductor  Laboratory,  Techrdcal  Research  Centre  of  Finland,  Otakaari  7  B,  SF-OllSO 
Espoo,  Finland  is  gratefully  acknowledged. 


BAS  A  Time-of-FIigbt  Detector  for  Heary  Ion  RBS.'-^  California  Insiiiute  of  Tttkndiogy.  (20minJ 


\Vc  describe  Itic  details  and  perfurntance  of  a  lime-of  flight  spcttromctei  fot  application  in  heavy  ioa  RBS.  An  eneigy 
resolution  of  better  'han  1%  is  achieved  for  '*0  and  “Cf  ions  in  the  energy  range  between  3  and  15  MeV^  Using 
ions  fot  RBS  a  mass  resolution  between  1  and  2  amu  is  obtained  over  the  whole  periodic  table.  Al  the  sample 
surface  a  depth  resolution  of  approximately  1  fig/cm’  can  be  achieved.  The  technique  has  been  used  to  measure 
■ndiom  profiles  in  InCaAs/GaAs  quantum  well  samples  with  a  depth  resolution  of  30  A,  as  well  as  to  detertnine  the 
arsenic  loss  in  annealed  CaAs  samples.  Furlhei  applications  and  improvesn'mts  of  the  spcctromeler  will  be  discussed. 

'  Work  supported  in  part  by  the  National  Science  Foundation  {DMRS5-i50II  and  DMRSS-IlTSo}. 

*  (Collaborators:  P.C.  Haubert,  R.P.  Livi,  S.J.  Spidslcrture,  D.L.  Weathers,  and  T.,A.  TombrcHo 

*  Supported  in  part  by  a  fellovrship  from  the  Svriss  National  Science  Foundation. 

‘  Permanent  address:  Paul  Seherrer  Institut  c/o  ETH  Zuridi.  Switzerland. 


BA  6  TRIM-90,  The  Transport  of  Ions  in  Matter. 

J.  ZIEGLER. /fi.Vf7hoi7r<2sy.  Watson  Researck  Cen..r.  (20mir.J 


TRIM  is  a  Monte  (^rlo  program  for  the  penetration  of  ions  into  solids.  It  calculates  ton  energy  loss,  ranges, 
damage,  sputtering,  back^ttenng  and  iransmivsion  averages  for  compio,  urgets  of  many  elements  and  of 
several  layers.  The  program  originated  in  1980  (I),  and  was  converted  to  a  PC  vcriion  with  animated 
graphics  ir.  1985  (2).  Thb  talk  will  cover  new  aspects  of  the  program,  including  the  use  of  high  resolution 
graphics  to  show  the  3-dimensionai  calculations.  Programs  arc  now  included  to  cak.  .late  stopping  powers  m 
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compounds,  including  chemical  binding  effects.  A  variety  of  comparisons  will  be  shown  between  published 
expej-imental  results  and  TRIM  calculations. 

(1)  }.  P.  Biersack  and  L.  G.  Haggmark,  NIM,  174, 257  (1980). 

(2)  J.  F.  Ziegler,  J.  P.  Biersack  and  U.  Littmark,  “The  Stopping  and  Range  of  Ions  in  Solids",  Pergamon 
Press  (1985). 


BA  7  The  Application  of  High-Energy  Backscatterlng  to  Hlgh-Tcmpcrature  Superconductors. 
C.  R.  GOSSETT,  U.S.  Naval  Laboratory.  (20  min.) 


SESSION  BB:  COMMEMORATIVE  SESSION  FOR  DR.  PAUL  A.  TREADO 
Monday  afternoon,  5  November  1990;  Physics  Building,  Room  102  at  14:00; 

J.  M.  Lambert,  Georgetown  University,  and  R.  L.  Walters,  Duke  University,  presiding 


BB  1  Quark  MaM  Difference  and  the  Origin  of  Charge  Symmetry  Breaking.  I.  SLAUS,  Georgetown  University.  (20  min.) 

BB  2  Antimatter  Gravity  Experiment.*  RONALD  E.  BROWN,  Los  Alamos  National  Laboratory.  (20  min.) 

An  experiment  is  beiiig  developed  to  measure  the  acceleration  of  the  antiproton  in  the  gravitational 
field  of  the  earth.  Antiprotons  of  a  few  MeV'  from  the  LEAR  facility  at  CERN  will  be  slowed  to  tens  of 
keV  in  an  energy  degrading  foil,  caught  in  a  large  electromagnetic  trap,  and  cooled  to  tens  of  eV.  These 
antiprotons  will  then  bo  transferred  to  a  second  trap  where  they  will  be  cooled  to  a  temperature  of  about 
10  K  and  slibsequrr'tly  launched  a  few  at  a  time  into  a  drift  tube  where  the  effect  of  gravity  on  their 
motion  will  be  determined  by  a  time-of-flight  method.  Development  of  the  experiment  is  proceeding  at 
Los  Alamos  using  normal  matter.  The  fabrication  of  a  drift  tube  that  will  produce  a  region  of  space  in 
which  gravity  is  the  dominant  force  on  moving  ions  is  of  mtdor  difficulty.  This  involves  a  study  of  the 
electric  fields  produced  by  spatially  vaiying  work  fimetions  on  metallic  surfaces.  Progress  in  all  these 
areas  will  be  mentioned,  with  stress  on  the  drift-tube  development. 

♦Work  supported  by  the  U.S.  Department  of  Energy  imder  Contract  No.  W7405  ENG-36. 


BB  3  MuUinucIeon  Knockout  Experiments  at  CEBAF.  J.  LIGHTBODY,  National  Science  Foundation.  (20  min.) 


BB  4  Neutron-Diffraction  Elastic  Scattering  and  Breakup  Reactions  Below  20  MeV.  C.  R.  HOWELL,  Duke  University.  *  (20  min.) 

We  are  conducting  a  scries  of  high-accuracy  measurements  at  TUNL  at  incident  neutron  energies  below  20  MeV  on  the 
n-d  scattering  system.  These  measurements  are  designed  to  address  the  following  questions:  (1)  can  three-nucleon  (3N) 
scattering  observables  be  us^  to  refine  our  knowledge  of  the  N-N  force,  (2)  how  well  do  we  understand  the  dynamics  of 
the  breakup  teacdon  in  3N  systems,  and  (3)  what  is  the  influence  of  the  three-nucleon-force  (3NF)  a.nd  off-shell  effects 
on  3N  scattering  observables?  We  have  measured  vector  analyang  powers  Ay(0)  for  n-d  elastic  scattering^  and  the 
br^p  reaction^  to  an  accuracy  better  than  ±0.005  and  ±0.020,  respectively.  The  new  insight  on  questions  (1)  and  (2) 
gained  by  comparing  our  data  to  exact  3N  calculations  wMch  use  the  Paris  and  new  Bonn  N-N  potentials  as  input  will  be 
presented.  The  sensitiviiy  of  cross  section  data  for  different  kinematic  configurations  of  the  nucleons  in  tiie  exit  channel 
of  the  n-d  breakup  reaction  to  the  3NF  will  be  presented^  along  with  recent  results.** 

‘Work  supported  in  part  by.  the  US  Department  of  Energy,  Contract  No.  DE-AC05-76ER01067. 
iC.  R.  Howell  et  al,  Few-Body  Systems  2, 19  (1987). 

2C.  R.  Howell  era/.,  Phys.  Rev.  Lett.  fiL,1565  (1988). 

3W.  Meier  and  W.  GlSckl'e,  Phys.  Lett  138B.  329  (1984). 

4J.  Strate  et  al.,  J.  Phys.  G:  Nucl.  Phys.  i4,  L229  C988). 


BBS  D-State  Properties  of  *Li.*’l  D.R.LEHMAll,  George  IVashington  University.  (Smin.) 
(Invited  Poster  Paper:  See  Poster  Display  PA  74). 


The  D-st»te  structure  of  *Ll  is  examined  within  the  context  of  three-body  models 
(alpha-particle,  neutron,  proton).  The  underlying  alpha-nucleon  interactions 
are  represented  by  separable  interactions  in  the  81/2,  P1/2,  and  P3/2  partial 
waves  fitted  to  the  low-energy  phase  shifts,  while  the  nucleon-nucleon 
Interaction  is  -hat  of  the  Paris  interaction  as  given  by  the  PEST  expansion.! 

A  ‘Li  wave  function  is  obtained  by  solution  of  the  three-body  Sohrodinger 
equation.  Prom  this  wave  function,  the  following  D-wave  quantities  are 
calculated:  D-wave  asymptotic  normallzaton  constant,  D-wave  «L1  -  alpha  + 
deuteron  momentum  distributiof  amplitude,  D-wave  DWBA  parameter,  D2 ,  and  the 
alpha-duutsron  contribution  to  the  full  ‘Li  quadrupole  moment.  The  connection 
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oi  the  D-wave  asymptctio  normalization  constant  and  the  alpha-deuteron  component 
of  the  ^L1  quadrupole  moment  mill  be  discussed,  especially  with  regard  to  signs. 

*WorX  supported  In  part  by  The  U.8.  Department  of  Energy:  DE-EQ0B-86-ER40270. 
■^In  collaboration  with  J.P.  WolosoheX. 

»J.  Haldenbauer  and  W.  Plessas,  Phys .  Hev.  030,1822(1084):  032,1424(1988). 


BB  6  Preliminary  Results  of  a  New  Determination  of  the  RMS  Charge  Radius  of  the  Proton* 

HAI-L  CRANELL,  The  Catholic  Unwenily  of  America.  (5  min.)  (Invited  Poster  Paper.  See  Poster  Display  PA  23). 


Preliinlnarv  Results  of  a  New  Determination  of  the  RMS  Charge  Radius 
of  the  Proton*  HALL  CRANNELL,  The  Catholic  Uuiversltv  of  America  —  New 
absolute  and  relative  cross  sections  for  elastic  scattering  of  electrons 
from  the  proton  have  been  measured  using  the  linac  facilities  at  NIST. 
The  data  were  obtained  by  using  a  high-pressure,  flowing-gas  target  cell 
alternately  filled  with  pure  Hj  and  CH^  gas.  The  measurements  span  a 
momentum  transfer  range  from  0.22  to  0.73  fm'’.  These  new  results  have 
been  combined  with  an  extensive  set  of  existing  elastic  electron 
scattering  data  in  a  Fourier-Bessel  analysis  to  obtain  the  charge  density 
parameters  and  the  rms  radius  of  the  proton.  Some  selection  among  the 
available  data  was  necessary  because  of  inconsistencies  between  published 
data  sets.  We  obtain  an  rms  charge  radius  of  0.865  ±  0.020  fm. 

'Worlc  supported  in  part  by  NSF  Grant  No.  PHY8820654 


BB  7  Pion  Absorption  on  Nuclei.  P.  RODS,  University  of  British  Columbia,  Canada.  (5  min.) 

(Invited  Poster  Paper:  See  Poster  Display  PA  76). 

BB  8  Novel  Applications  of  Narrow  Nuclear  Resonanees.*  K.  ROLFS,**  North  Carolina  State  University.  (5  min.) 
(Invited  Poster  Paper:  See  Poster  Display  PA  75). 

Improvements  in  the  energy  resolution  of  ion  beams  and  the  quality  of  targets  are  valuable  for  the  snidy  of  a  wide  range  of 
phenomena  in  pure  and  applied  physics  with  narrow  nuclear  resonances.  An  ultra  high  vacuum  system  has  been 
developed  which  permits  the  fabrication  of  very  pure  targets  and  the  enCTgy  spread  in  the  ion  beam  from  the  400  kV 
MUnster  cascade  accelerator  has  been  reduced  to  about  10  eV.l  With  this  system  we  have  observed  a  very  strong  Lewis 
effect  for  resonances  in  the  ^^Na,  ^^Mg  and  27 A1  (p.y)  reactions.  (The  Lewis  effect  is  a  manifestation  of  the  quantum 
nature  of  the  energy  loss  process.  Its  signature  is  a  peak  in  the  thick  target  yield  slightly  above  the  resonance  energy, 
followed  by  the  usual  plateau.)  Doppler  widths  also  have  been  extracted  from  these  resonance  data.  Preliminary 
measurements  of  the  temperature  dependence  of  the  Doppler  width  have  been  used  to  extract  a  "surface"  Debye 
temperature.2  These  measurements  show  great  promise  for  novel  methods  of  determining  surface  characteristics. 

’Work  supported  by  Deutsche  Forschungsgemeinschaft  (Ro429/16-l),  US  Department  of  Energy,  Office  of  High  Energy 
and  Nuclear  Physics  (Grant  No.  DE-FG05-88ER4()441),  NATO  Scientific  Affairs  Division  (Grant  No.  86-0485), 
Minister  filr  Wissenschaft  und  Forschung  des  Landes  NRW  (rVAl-80098389),  NC  Board  of  Science  and  Technology, 
and  Friedrich-Flick  Fdrderungsstiftung. 

“Now  at:  Ruhr-UniversitSt  Bochum,  Bochum,  Germany 

•S.  Wiistenbecker  er  a/.,  Nucl.  Instrum.  Methods  A279. 448  (1989). 

2H.  G.  Reusch,  K.  Langanke  and  C.  Rolfs  (to  be  published). 


BB  9  Radioactive  Beams  in  Astrophysics.  W.  RODNEY,  Georgetown  University.  (5  min.) 

(Invited  Poster  Paper:  See  Poster  Display  PA  80). 

SESSION  BC;  ACCELERATOR  TECHNOLOGY 

Monday  afternoon,  5  November  1990;  Union  Building,  Golden  Eagle  Suites  B  and  C  at  14:00; 

M.  Suter,  PSI,  Institut  fiir  Mittelenergiephysik,  Zurich,  Switzerland,  presiding 

BC  1  Scientific  Program  at  the  SSC.  F.  J.  GILMAN,  SSC  Laboratory.  (25  min.) 

BC2  Accelerators  for  Materials  Development.*  K.  A.  JAMVSON,  Los  Alamos  National  Laboratory.  (25  min.) 

Particle  accelerators  ore  important  tools  for  materials  research  and  production.  Advances  in  high  intensity 
linear  accelerator  tet. ..  lology  make  it  possible  to  consider  enhanced  neutron  sources  for  fusion  material 
studies  (e.g.  using  the  u  Li  reaction)  or  as  a  source  of  spallation  neutrons.  Energy  variability,  uniformity  of 
target  dose  distribution,  target  bombardment  from  multiple  directions,  time-scheduled  dose  patterns,  and 
other  features  can  be  provided,  opening  new  experimental  opportunities.  New  designs  have  also  been  used  to 
ensure  hands-on  maintenance  on  the  accelerator  in  these  factory  type  facilities.  Designs  suitable  for  proposals 
such  as  the  Japanese  Energy  Selective  Intense  Neutron  Source  (ESNIT)  (20  40  mA  cw  deuteron  beam),  the 
International  Fusion  Materials  Irradiation  Facility  (IFMIF)  (250  mA  cw  deuteron  beam  modules),  and  a  1 .6  GeV 
spallation  neutron  source  are  discussed. 

‘Supported  by  the  Los  Alamos  National  Laboratory,  University  of  California,  for  the  Department  of  Energy. 


Vol.  35,  No.  8(1990) 


1697 


Monday  Afternoon 


BC  3  Strong  Field  Effects  and  the  Luminosity  Lifetime  of  a  Heavy-Ion  Collider.* 

M.  J.  RHOADES-BROWN,  Brookhaveit  National  Laboraloryt  (25  min.) 

The  Relativistic  Heavy  Ion  Collider  (RHIC)  will  accelerate  fully  stripped  ions  to  beam  kinetic  energies  of  250  (Z/ A) 
GeV/u.  For  the  heaviest  nuclei,  i.e.,  10®  ions  per  bunch  will  circulate  in  57  bunches  at  a  kinetic  energy 

of  100  GeV/u.  During  bunch  crossing,  the  peripheral  collisions  of  the  heavy  ions  generate  a  sufficiently  large 
electromagnetic  field  that  spontaneous  e‘^e“  pair  creations  will  occur.  Up  to  10^  pairs  per  second  are  expected 
at  RHIC  luminosity  values  (2  x  10®®  cm“®  sec”®).  In  addition,  a  produced  electron  may  be  captured  by  a  heavy 
ion.  The  strong  field  pair  creation  and  capture  process  will  be  discussed,  including  its  effecli  on  the  luminosity 
lifetime  of  a  heavy  ion  collider. 


*Work  performed  under  the  auspices  of  the  U.S.  Department  of  Energy. 


BC  4  Status  of  the  JAERI  Tandem  Accelerator.  T.  IWATA,  Japan  Atomic  Energy  Research  Institute,  Japan.  (25  min.) 


The  JAERI  tandem  accelerator  has  been  operated  for  research  worlcs  since  1982. 
Various  ions  of  43  elements  ranging  from  hydrogen  to  bismuth  have  been  acceler¬ 
ated  with  a  terminal  voltage  of  up  to  18  MV.  Thirteen  beam  lines  from  the 
accelerator  are  placed  in  five  target  rooms.  The  subjects  of  research  activi¬ 
ties  are  atomic  physics  and  chemistry,  solid  state  physics  and  radiation  effects 
in  materials,  nuclear  chemistry,  nuclear  physics,  and  neutron  physics.  Main 
facilities  installed  are  magnetic  spectrograph  for  heavy  ion  reactions,  on-line 
isotope  separator,  TOP  spectrometer  for  neutron  physics  and  so  on.  A  project  of 
constructing  a  superconducting  post  accelerator  to  boost  the  energy  of  the  heavy 
ion  beams  is  in  progress.  The  goal  of  our  project  is  to  obtain  a  30  MV  of 
accelerating  voltage.  The  beam  acceleration  is  scheduled  to  start  in  early  1993. 


BC  5  X-Ray  Laser  Sources.*  B.  J.  MacGOWAN,  Lawrence  Livermore  National  Laboratory.  (25  min.) 


X-ray  lasers  have  been  developed  since  1984  as  sources  of  high  brightness  x-rays.  Early  work 
achieved  powers  of  up  to  5  MW  at  wavelengths  near  200  A  {60eV).  Recent  work  at  LLNL  has  ^ 
concentrated  on  the  development  of  the  nickel-like  tantalum  amplifier  at  44.83-A.  Amplification 
occurs  in  a  laser  produced  plasma  created  by  irradiating  a  thin  foil  of  Ta  with  two  beams  of  the 
Nova  laser.  It  is  hoped  to  saturate  this  system  at  output  power  levels  of  10  MW.  The  wavelength 
of  44.83-A  (277eV)  is  close  to  optimal  for  holographic  imaging  of  live  cells  and  it  remains  to 
optimize  the  coherent  output  power  of  this  amplifier  to  use  it  as  a  source  for  future  x-ray 
holography  experiments. 

*  This  work  was  performed  under  the  auspices  of  the  U.S.  Depahment  of  Energy  by  the  Lawrence 
Livermore  National  Laboratory  under  contract  No.  W-7405-ENG-48. 


SESSION  BD:  GOVERNMENT  FUNDING  FOR  RESEARCH 
Monday  afternoon,  5  November  1990;  Union  Building,  Lyceum  at  14:15; 
G.  M.  Thomson,  U.S.  Army  Ballistic  Research  Laboratory,  presiding 


BD  1  An  Overview  of  NSF  Today  and  Through  the  Crystal  Ball.  R.  1.  SCHOEN,  National  Science  Foundation.  (30,min.) 


A  general  overview  of  the  National  Science  Foundation  will  be  presented. 
This  will  be  followed  with  a  discussion  of  budgetary  trends  and  the  1991 
budget.  Certain  new  programs  will  be  explored  in  more  detail  with  special 
emphasis  on  applied  research. 


BD  2  Research  Opportunities  with  the  Department  of  Defense.  T.  BERLINCOURT,  U.S.  Department  of  Defense.  (30  min.) 


BD3  Future  Science  Education  Initiatives  at  the  Department  of  Energy.  R.  STEPHENS,  U.S.  Department  of  Energy.  (30  mm.) 


BD  4  Federal  Basic  Research;  A  Legislative  Perspective.  B.  COOPER,  U.S.  Senate.  (30  min.) 
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SESSION  BE:  ACTIVATION  ANALYSIS  AND  NUCLEAR  REACTION  ANALYSIS 
Monday  aftcrnbon,  5  November  1990;  Union  Building,  Room  410  at  14:00; 

B.  E.  Gnadc,  Texas  Instruments  Incorporated,  presiding 


Monday  Afternoon 


BE  1  Neutron  Generators  Used  for  Undergraduate  Teaching.  J.  W.  McKLVEEN,  Arizona  Slate  University.  (15  min.) 


For  the  past  twelve  years  our  undergraduate  laboratory  has  used  a  Kaman 
A-711,  14.3  MeV  neutron  generator  to  provide  students  with  a  wide 
variety  of  taaching  and  research  oppor  -unities.  The  facility  was  easy  to 
license,  operates  on  a  low  budget  (except  for  accelerator  head 
replacement),  and  does  not  require  extra  radiation  protection  staff. 
Representative  experiments  include  the  buildup  and  decay  of 
radionuclides,  FNAA,  measurement  of  protein  in  the  student's  favorite 
food,  and  the  use  of  delayed  neutrons  to  determine  the  uranium 
concentration  in  ore  samples  collected  during  field  trips  to  uranium 
mines  at  the  Grand  Canyon.  Delayed  neutron  detectors  and  gamma 
spectrometers  are  coupled  to  the  traditional  counting  modules  and  to  PCs 
with  multichannel  analyzer  capability.  A  book  was  prepared  which  li.<5ts 
the  characteristic  decays  of  all  non-gaseous  elemgnts,  and  is  used  co 
facilitate  the  identification  of  unknown  samples.  This  paper  »jill 
describe  the  typical  experiments,  the  detection  systems  used,  and  the 
beneflrs  and  liabilities  associated  with  the  use  of  fast  neutron 
generators  as  a  teaching  "tool"  for  undergraduate  students. 

^  J.W.  MoKlveen,  Laboratory  manual  for  NUC/EEE-464,  Nuclear  Engineering 
Laboratory  Experiments. 

J.W.  McKlveen,  FAST  NEUTRON  ACTIVATION  ANALYSIS:  Elemental  Data  Base, 
Ann  Arbor  Science,  1981. 


BE  2  Tile  Oxygen  Activation  Log  in  Underground  Injection  Control.  I.  SUPERNAU,  Texaco  USA.  (20  min.) 


The  petroleum  Industry  routinely  Injects  saline  waters  into  lithologic  formations  deep  in  the  earth 
using  some  170,000  injection  wells  scattered  around  the  country.  The  oil  companies  and  environmental 
regulation  agencies  alike  are  concerned  about  the  possibility  of  these  brines  inadvertently  finding 
their  way  into  the  shallow  underground  source  drinking  waters.  (USDW's).  Toward  the  aim  of  preventing 
such  on  occurrence,  the  Industry,  in  general,  and  Texaco  in  particular  has  developed  an  oxygen  activation 
logging  system  which  Incorporates  a  pulsed  accelerator  to  produce  fast  neutrons  which  activate  the 
oxygen  present  in  any  flowing  water  near  the  wellbore.  The  device's  dual  spaced  detectors  allow  the 
detection  of  flowing  water  inside  or  outside  the  downhole  tubulars  and  permit  a  calculation  of  the 
flow  rate. 


BE  3  A  Pulsed  Neutron  Generator  for  in  viva  Body  Composition  Studies.* 

J.  H.  WEINLEIN,  Sandia  National  Laboratories,  Albuquerque.  (15  min.) 

A  !:euiiion  generator  aytlem  utiUzing  two  zeUtron^  neutron  tubes  has  been  designed  and  delivered  to  the  U.S.  Department  of  Agriculture 
Human  Nutrition  Research  Center  on  Aging  at  Tufts  University  for  use  hi  clinical  measurements  of  body  carbon  by  neutron  inelastic 
scattering.^  Each  neutron  tube  is  capable  of  delivering  10^  - 1(1^  14  MeV  neutrons  in  a  7  )is  pulse  at  tep  rates  of  4  or  8  MHz,  and  can  be 
operated  independently  as  well  u  in  a  master-slave  mode.  The  neutron  tubes  are  gas  filled  with  a  mixture  of  deuterium  and  tritium;  the  target 
of  the  tube  is  operated  at  -25  to  -dO  kVde  and  the  ion  source  is  operated  with  a  2.5  kV,  7  ps  pulse.  The  tube  gas  pressure  is  monitored  and 
controlled  by  measuring  the  total  current  in  the  high  voltage  circuit  which  is  fed  back  to  the  gas  reservoir  drive  circuit.  Neutrons  were 
measured  with  a  plastic  scintillator  and  PMT  detector. 


Supported  by  U.S.  Department  of  Agriculture  under  contract  No.  40-ILAN-8-()98,  and  by  U.S.  Department  of  Energy  under  contract 
No.  DE-AC04-76DP0()789. 

1 .  L.  A.  Shope,  R.  S.  Berg,  M.  L.  O’Neal  and  B.  E  Baraaby,  lEIiE  Trans.  Nucl.  Sci.  NS-26. 1696  (1981). 

2.  J.  J.  Kebayias,  K.  J.  Ellis,  S.  H.  Cohn,  and  J.  H.  Weinlein,  Nucl.  Instrum,  and  Methods  in  Pbys.  Res.  B  24/25. 1(X}6  (1987). 


BE  4  NRA  Studies  of  Hydrogen  in  Metal-Oxide  I  Urns.  r.  RAUCH,  J.  If’.  Goethe-Umversitdt,  Federal  Republic  of  Germany  (20  min ) 


Films  and  film  combinations  of  metal  oxides  (SiOg,  TiOg,  TagOg,  WO3 ,  ...)  are 
widely  used  as  coatings  on  glasses,  for  modifying  the  reflectance,  absorbance 
or  transmittance  in  certain  spectral  regions  for  mirrors,  filters,  windows,  etc. 
Hydrogen  is  a  common  constituent  of  such  films.  Its  eminent  role  for  different 
film  properties  has  been  elucidated  by  NRA  studies  utilizing  the  resonant 
reaction  1h(15n^  ay)  12c.  This  talk  reviews  observations  on  H  contents  and  depth 
distributions  for  various  film  systems,  the  influence  of  deposition  methods, 
long-term  changes  and  experimer tally  induced  alterations.  The  unique  properties 
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of  the  ^ Sfj  technique  have  enabled  also  the  in-si tu  analysis  of  hydrogen  trans¬ 
port  within  iTiultilayer  systems  having  electrically  switchable  optical  proper¬ 
ties  . 

Collaborators:  W.  Wagner,  M.  Laube,  K.  Bange  and  C.  Ottermann. 

Research  supported  by  AIF  7434  and  in  part  by  BMFT  i3  N  5476. 


BE  5  Study  of  Deuterium  Diffu:iion  Behavior  in  Si02  by  means  of  i>(^He,p)^Hc  Reaction.* 

Q.  QIU,  Fraunliofer-Arbeilsgruppefiir  Inlegrierle  Schaltungen,  Federal  Republic  of  Germany.  (5  min.) 

(Invited  Poster  Paper:  See  Poster  Display  PB'  56) 

Deuterium  with  concentration  of  10*®  -  10*^  at./cm^  has  been  measured  quantitatively  by  using  of  D(^He,p)‘*He 
reaction  and  a  plastic-scintillator  detector  with  large  solid  detection  angle.*  Thermal  behavior  of  deuterium  m  Si02 
has  been  studied  in  the  temperature  range  of  200*0  to  1000*C.  Measurement  shows  that  (1)  deuterium  concentration 
in  Si02  depends  on  the  solubility  of  SiOD^  in  temperature  rigion  of  200  to  700“C,  and  (2)  water(D20)  diffusion^ 
is  the  donimative  mechanism  for  hydrogen  diffusion  in  temperature  region  of  700°C  to  1000°C.  Considering  results 
from  ESR  and  normal  electrical  methods,  the  behaviors  of  deuterium  diffused  in  Si02  have  been  clarified.'* 

Collaborators:  E.Arai'*',  Y.Ohji*'*' 

’This  reaserch  has  been  taken  place  in  Tokyo  Institute  of  Technology '*',152  Tokyo/Japa.i,  and  co-laborated  with 
Central  Reserch  Laboratory,  HITACHI  Ltd.'*'  '*  Kokubunji  185  Tokyo/Japan. 

*Q.Qiu,  E.Arai,  M.Aratani,  M.Yanokura,  T.  NozakI,  Y.  Ohji,  and  R.  Imura;  Nucl,  Instr.  and  Meth.  344(1989)179 
^RJ.Feigle,  D.R.Young,  D.J.DiMaria,  S.Lai  and  J.Calise;  J.Appl.Phys., 52, 5665(1981) 

^D.L.Wolters,  Inst.Phys.ConfScr.No.50,  The  Institute  of  Physics,p.l8(1979) 

‘*Y.Ohji,  Y.Nishioka,  K.  Yokokawa,  Qi  Qiu,  E.  Arai  and  T.Sugano;  Solid-State  Electronics,'Vol.33Supplement,pp.383' 
388,1990 


BE  6  In  Silu  NRA  Studies  of  Hydrogen  Ingress  into  Zr-2.t  wt.  %  Nb  at  the  Liquid-Solid  Interface. 
J.  S.  FORSTER.  Atomic  Energy  of  Canada,  Limited,  Canada.  t!4  min.) 


DeuteciuB  ingress  into  thin  (3-5  im)  foils  of  Zr-2.5vtZHb  has  been  studied  with  the  ^D(’He,p)*Ee  nuclear 
reaction.  The  foils  vere  Mounted  in  a  coapact  cell^)  placed  in  a  scattering  chaaber.  A  ’Be  bean 
boabarded  the  foil  and  liquid  in  the  cell.  Ve  introduced  substantial  concentrations  of  D  into  the  foil 
by  reaovlng  the  native  oxide  layer  vith  a  solution  of  0.1  vtZ  NB4BF2  in  Djf)  and  then  cathodlcally  charged 
the  foil  using  a  0.1  M  B2SO4  in  DjO  solution.  Ve  anodically  oxidized  these  foils,  as  veil  as  unetched 
ones,  using  the  0.1  H  B2SO4  in  DjO  solution,  and  then  aeasured  the  deuterium  content  in  situ  using  the 
’D(’Be,p)*Be  reaction. 


’J.S.  Forster,  D.  Phillips,  T.K.  Alexander,  R.L.  Tapping,  T.  Laursen  and  J.R.  Leslie,  NIH  B^,  489  (1990). 


BE  7  Study  of  the  Lattice  Location  of  Oxygen  in  Semiconductors  by  Combining  Channeling  and  Charged  Particle  Activation. 
J.  L.  DEBRUN,*  CNRS-CERI,  France.  (20  min.) 


The  influence  of  oxygen  on  the  electronic  properties  of  semiconductor.s  is  not  well  known.  This  is  in  part  due  to  the  fact  that  the 
analysi<:  of  this  element  at  low  concentrations  is  difficult;  the  determination  of  the  lattice  location  is  difficult  as  well.  Using  charged 
particle  activation  (CPA),  we  were  able  to  analyze  oxygen  accurately  below  the  ppm  level.  By  combining  CPA  with  channeling,  it 
was  also  possible  to  obtain  information  on  the  lattice  position^)  occupied  by  '.lie  oxygen  atoms.  Tlie  methods  will  ot,  described 
and  discussed  Recent  work  on  Gat-xAlxAs  prepared  by  MCVPE  with  organoi  ictalliccompounds  will  be  presented  as  an  example. 
It  is  shown  in  this  work  that  oxygen  can  occupy  at  least  two  different  jites.  tetrahedral  interstitial  and  substitutional.  Tlie  number 
of  atoms  on  each  site  is  governed by  the  number  of  arsenic  vacancies  and  by  the  total  oxygen  concentration,  which  are  both  governed 
by  the  growth  conditions. 

•In  collaboration  with  G.  Blondiaux,  G.  Ducouret,  E.  Hanna  Bakraji 


BE  8  Analysis  of  GaAs  by  different  Ion-Beam  Methods.* 

K.  BETHGE,  University  of  Frankfurt,  Federal  Republic  of  Germany.  (20  min.) 

Impurities  in  GaAs  have  been  determined  using  different  nuclear  particle  reactions. 
Particular  interest  is  focussed  on  the  carbon  content  because  carbon  affects  the  electri¬ 
cal  behaviour,  if  incorporated  in  the  lattice,  whereas  the  role  of  interstitial  carbo-  is 
not  fully  explored.  The  position  of  carbon  was  measured  by  channeled  RBS  and  NRA  using 
the  C  (d,p)  C  reaction.  Similar  measurements  on  implanted  carbon  show  different  posi¬ 
tioning  in  the  lattice  after  tempering,  indicating  a  mobility  of  the  carbon  atoms. 
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Variant  surface  contaminations  have  been  observed  after  tempering  under  different  gases. 
Particular  nitrogen  plays  an  important  role. 

^Supported  by  BMFT 


BE  9  Fluorine  Studies  with  a  Small  Accelerator.  J.  RICKARDS,  Vnwcrsidad  Mat-ioiiiil  Autunomu  de  Mexico,  Mexico.  (15  min.) 


A  small  (700  kV)  accelerator  has  been  used  for  studying  fluorine  in  various  solids  and  thin 
films,  via  the  resonant  nuclear  reaction  (RNR)  technique.  The  strong  and  relatively  thin 
resonance  in  the  l%(p,aY)^®0  reaction  at  340  keV  proton  energy  turns  out  to  be  the  most 
convenient  way  of  determining  this  element  with  a  high  sensitivity  at  low  proton  energies. 
With  a  typical  beam  resolution  of  1  keV  and  a  resonance  width  of  2.4  keV,  a  depth  resolution 
of  fluorine  in  most  materials  is  in  the  .01  mg/cm2  range.  A  computer  program  for  a  PC  that 
calculates  the  excitation  curve,  given  a  certain  F  profile,  has  been  developed  and  applied 
to  various  cases.  The  proton  energy  distribution  is  assumed  to  be  Gaussian;  straggling  is 
considered.  The  F  profile  may  be  entered  point  by  point  or  with  any  given  function.  By 
comparing  the  calculated  and  measured  F  excitation  functions,  a  sensitivity  of  10^9  atoms/cm3 
is  estimated. 


SESSION  BF:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Monday  afternoon,  5  November  1990;  Union  Building,  Room  412  at  14:00,  P.  Richard,  Kansas  State  University,  presiding 


BF  1  Effect  of  Electron-Electron  Interaction  on  Projectile  K-Shcll  Ionization  in  Energetic  Ion-Atom  Collisions  Studied  by  Zero  Degree 
Auger  Electron  Spectroscopy.  T.  J.  M.  ZOUROS,  J.  R.  MocdonalJ  Laboratory,  Kansas  Stale  Vniuenity  and  University  of  Crete,  Greece. 
(20  min.) 

Cross  sections  for  Is  ionization  of  the  ground  state  of  B**  (Is^  2s^)  were  obtained  in  5-25MeV  collisions  of 
0^*  with  He  and  Hj  targets.  These  cross  sections  were  d;.erniined  by  measuring  with  high  resolution  the  electron 
emitted  at  zero  degrees  with  respect  to  the  beam  direction,  from  the  Auger  decay  of  O*’  (ls2s^)  -*  0®*  (Is^)  + .  e" 
following  Is  iomzation  of  the  &*  ions.  An  increase  of  the  ionization  cross  section  above  the  electron  impact 
ionization  threshold  for  Is  ionization  of  O’*  by  free  electrons  was  found  to  be  consistent  with  an  impulse 
approximation  treatment  of  this  process.  Recent  calculations^”  of  Is  iom.ntion  due  to  both  electron-nucleus  and 
electron-electron  interaction  were  also  found  to  be  in  agreement  with  the  data  clearly  showing  that  ionization  due 
to  electron-electron  interactions  can  be  significant.  K-sbell  iomzation  of  the  metastable  O’*  (ls^2s2p^P)  component 
of  the  beam  is  also  reported. 

Our  results  are  in  general  agreement  with  recent  ionization  studies^^'  of  hydrogenic  ions  in  which  the 
ensuing  number  of  bare  ions  were  directly  determined  by  particle  counting. 

O)  Y.  WANG  AND  J.  Me  GUIRE  private  communications 

P)  H.P.  HULSKOTTER  et  al  PRL  1938  (1990). 


BF  2  On  the  Description  of  Classical  Trajectory  Methods  in  a  Quantum-Mechanical  Language.* 

C.  O.  REINHOLD,  *■  University  of  Missouri-RoUa.  (20  min.) 

Formally,  quantum  collision  theory  can  be  exactly  formulated  in  terms  of  real 
phase-space  distributions.  This  type  of  approach  provides  an  intuitive  picture  of 
complex  scattering  problems  which  has  proved  very  useful  in  different  disciplines 
such  as  nuclear  physics,  chemical  physics  and. quantum  field  theory.  In  this  work, 
the  classical  trajectory  Monte  Carlo  (CTMC)  method,  which  is  a  well  known  technique 
in  ion-atom  collisions,  is  put  into  context  with  these  more  general  phase-space 
approaches.  It  is  found  that  the  main  approximation  made  in  this  model  consists  of 
evaluating  the  evolution  of  the  phase-space  distributions  by  using  classical 
mechanics.  In  other  words,  the  quantum  Liouville  equation  is  approximated  by  the 
classical  Liouville  equation.  The  CTMC  wavefunction  is  defined  in  configuration 
space  and  its  equation  of  motion  is  compared  to  the  Schroedinger  equation.  As  with 
any  theoretical  model,  the  CTMC  method  is  found  to  have  inherent  limitations  which 
will  be  discussed. 

*  Supported  by  the  Office  of  Fusion  Energy,  U.S.  Department  of  Energy. 

+  New  address:  Department  of  Physics,  University  of  Tennessee  Knoxville. 

BF3  Electron  Emission  in  f/’^-FAr  Collisions.*  R.OLSOti,*^  University  of  Missourt-Rolla.  (20  min.) 


Ionized  electron  spectra  have  been  calculated  for  1.4  MeV/u  collisions  of  U*!'*'  on  hr, 
with  charge  states  q  from  11  to  92.  The  classical  trajectory  Monte  Carlo  method  has 
been  utilized  with  Haitree-Fock  model  potentials  to  represent  the  U^"’"  ion's  4f-shell, 
and  the  L-  and  M-shells  of  Ar.  Singly  and  doubly  differential  cross  sections  in 
ionized  electron  energy  and  angle  are  used  to  illustrate  the  various  collision 
dynamics.  Projectile  electron-loss  and  charge-transfer-to-the-continuum  cross 
sections  near  0°  are  analyzed  and  compared  to  one  another.  Electrons  ionized  from 


Vol.  35,  No.  8(1990) 


1701 


Monday  Afternoon 


the  L-shell  are  found  to  be  more  narrowly  peaked  in  angle  than  those  from  the  M-shell 
of  Ar,  giving  raise  to  a  slight  "ridge"  in  the  differential  cross  sections  near  0®. 
The  Ar  electron  binary  peak  =  2VpCos0  is  investigated  as  a  function  of  projectile 
charge  and  angle  and  at  0®  the  magnitude  does  not  scale  with  q.  Anomalously  large 
cross  sections  for  "hot"  electrons  from  the  U<3‘*'  ion  are  found  at  velocities 
significantly  above  that  for  projectile  binary  peak  electrons  of  Ve=Vp. 

*Work  supported  by  the  Office  of  Fusion  Research  of  the  U.S.  Department  of  Energy. 

+Work  in  collaboration  with  C.  0.  Reinhcld  and  D.  R.  Schultz. 


BF  4  Rccoil-Ion  Momentum  Spectroscopy.* 

J.  ULLRICH,  Gesellschafi  fur  Reaktorsicherheit  Darmstadt,  Federal  Republic  of  Germany.  (20  min.) 


Within  the  last  years  the  spectroscopy  of  the  target  recoil  momentum”  In  distant  lon-atora  colli¬ 
sions  has  been  established  as  a  third,  independent  and  valuable  method  of  target  spectroscopy 
besides  the  classical  measurement  of  ejected  electrons  and  x-rays.  For  a  large  set  of  collision 
systems  e.g.  for  fast  and  heavy  projectiles  as  delivered  by  the  new  SIS/ESR  faclll-tles  at  GSI 
Impinging  on  gaseous  targets,  the  determination  of  the  recoil-ion  transverse  momentum  provides  the 
only  possibility  to  obtain  differential  excitation  or  ionisation  cross  sections.  Moreover,  since  the 
requirements  on  the  Ion  beam  (emlttance,  focussing)  are  comparably  low  even  for  high  precision 
measurements,  experiments  using  exotic  beams  like  antiprotons  can  be  envisaged.  The  present  stage  of 
development  of  the  recoil-ion  momentum  spectroscopy  is  Illustrated.  Its  special  ability  to  obtain 
Information  on  many-body  Interactions  In  an  Ion-atom  collision  Is  demonstrated^*  and  the  future 
potential  of  the  method  as  to  the  momentum  resolution,  the  solid  angle  and  possible  applications  in 
many  particle  coincidence  measurement  is  outlined. 

*  supported  by  GSI,  Darmstadt  and  Bundesmlnisterlum  fQr  Forschung  und  Technologle  (BMFT),  FRG 
>  Ullrich  J.  Schmldt-Bdcklng  H,  Kelbch  0,  1988  Nucl.  Instr.  Meth.  A258  216 

*  Olson  R  E,  Ullrich  J  and  Schmldt-BScklng  H  1989  Phys.  Rev.  A  39  6572 


BF  5  8-Ray  and  Auger  Electron  Spectroscopy  Following  Heavy-Ion  Collisions. 

D.  SCHNEIDER,*  Lawrence  Livermore  National  Laboratory,  Livermore.  (20  min.) 

Recent  results  from  secondaiy  electron  spectroscopy,  including  high  resolution  Auger  electron  spectrost  .py,  performed  at  the 
SuperHILAC  and  the  ECR  source  at  Lawrence  Berkeley  Laboratoiy  and  at  EBIT  at  Lawrence  Livermore  .National  J  aboratory  are 
presented.  Doubly  differential  cross  sections  and  yields  for  continuum  electron  emission  following  collis.v,ns  of  MeV/u  U-ion 
impact  on  gases  and  foils  are  shown.  Data  from  high  resolution  Auger  electron  spectroscopy  following  tlic  foimanon  of  Auger 
states  via  multi-electron  capture  in  slow  ion-atom  collisions  are  discussed.  First  attempts  to  measure  electron  emission  following 
the  impact  of  very  slow  highly  charged  ions  on  surfaces  are  demonstrated. 

‘Work  pcrfomicd  under  the  auspices  of  the  U.  S.  Department  of  Energy  at  Lawrence  Livermore  National  Laboratory  under 
contract  num^r  W-7405-ENG-48. 


BF6  Single  and  Double  Excitation  of  Two-EIcctron  Ions.  M.  CHA.BOT,  Institute  Curie,  France.  (20  min.) 

BF  7  RTE  Studied  In  Electron  Emission.*  B.  D.  DEPAOLA,  J.  R.  Macdonald  Laboratory,  Kansas  Stale  University.  (20  min.) 

Resonant  Transfer  with  Excitation  (RTE)  is  currently  of  great  interest  both  because  of  its  apparent  similarity  to 
dielectronic  recombination,  and  because,  being  at  least  a  four  body  problem,  serves  as  a  proving  ground  for  few  body 
atomic  theories.  Recent  advances  in  the  .study  of  RTEA,  RTE  relaxing  througli  Auger  emission,  will  be  discussed. 

•  Supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Sdepces,  OfE.  ^  of  Energv  Research, 

U.S.  Department  of  Energy. 


SESSION  BG:  ION  SOURCES  AND  CONTROL  SYSTEMS 
Monday  afternoon,  5  November  1990;  Union  Building,  Room  418  at  14:00; 
J.  M.  Anthony,  Texas  Instruments  Incorporated,  presiding 


BG  1  The  Physics  of  Electron  Beam  Ion  Sources.*  MARTIN  STOCKLI, 
J.  R.  Macdonald  Laboratory,  Kansas  Slate  University,.  (20  min.) 


The  typical  Electron  Beam  Ion  Source  uses  a  high  field  solenoid  to  compress  and  confine  the  electron  beam  which 
transverses  the  solenoid  on  its  axis.  Atoms  aossing  the  electron  beam  are  easily  ionized  and  become  trapped  inside 
the  source.  Step-by-step  iom'zation  by  the  electron  beam  increases  the  charge  state  of  the  trapped  ions  during  their 
confinement,  which  normally  is  controlled  with  electrostatic  potentials  at  both  ends.  Therefore,  the  resulting  average 
charge  state  increases  with  the  product  of  the  electron  beam  density  and  the  confiris,.ient  time,  but  is  limited  by  the 
rate  of  electron  capture  from  the  residual  gas.  However,  experience  with  the  operaLonal  Electron  Beam  Ion  Sources 
over  the  last  few  years  has  shown  the  importance  of  other  processes  such  as  dielectronic  recombination  or  ion 
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heating.  With  the  recognition  of  ion  heating  and  ion-ion  cooling,  the  maximum  dc.,'..ved  charge  states  were  pushed 
to  even  higher  limits,  which  now  include  bare  Krypton  and  hydrogen-like  Xenon. 

’  Supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Sciences,  Office  of  Energy  Research, 

U.S.  Department  of  Energj’. 


BG  2  Characteristics  of  ECR  Plasmas  for  Advanced  Deposition  and  Etch  Tcchnologj.*  L.  A.  BERRY,  Oak  Ridge  Laburawry.  (20  min.j 

Plasmas  created  b>  microwave  absorpnon  at  the  electron  cyclotron  resonance  (ECR)  are  increasingly  used  for  a  vanety  of  plasna 
processes,  including  both  etching  and  deposition.  ECR  sources  efficiently  couple  energy  to  t_’i  .'cns  and  use  magnetic 
confinement  to  maxinu«  the  possibility  of  creating  an  ion  or  free  radical.  The  characteristics  of  ECR  include;  capability 

of  operating  over  a  wide  pressure  range  (from  below  10'^  Torr  to  over  10  mTorr),  intrinsic  ion  .  l./w  as  10-20  cV; 

high  gas  efficiency,  and  electtodeless  operation.  As  a  result,  processing  can  occur  with  m,a.  t .  < r  ion  energy  and 
directionality,  which  in  turn  leads  to  finer  control  over  etch  kinetics  (or  nucleation  and  g.._  *  tb  k_  -f  .^.lic?  damage,  "nie 
lack  of  elecnrodes  allows  for  infrequent  source  maintenance  and  reduces  the  possibility  at  .e  ...  ion.  Etching 
applications  include  Si  and  GaAs  devices.  Materials  successfully  formed  include  cubic  boron  n.' ...  ,  i  ,  I  ..,.a  SiOxNy. 

‘Research  sponsored  by  the  U.S.  Department  of  Energy  under  contract  DE-AC05-840R21400  with  -lartin  Marietta  Energy 
Systems,  Inc. 

“In  collaboration  wi'h  S.  M.  Gorbatkin. 


BG  3  The  TAMU  ECR  Ion  Source:  KSOO-hECR  Performance.*  D.  P.  MAY,**  Texas  A&M  Unive:.  .iin.) 


■B*.  Tsoob  ask  BSt  ion  aouroe  {Kochioed  its  first  plrwn  in  Htfist  2369,  ood  by  'Jctcber  it  was 
car.hUfe  of  pcockKdng  a  variety  higpi-diaiga-state  ion  beeac.  In  Haveiser  the  soucoe  began 
c^pplying  beoHS  for  tbe  K500  smetcmlncting  cydotten  so  tbet  soucoe  0.  .donaOb  cut  beck 
oonsiderabW.  tone  initial  perfonmoe  has  been  eacseUenL.  Geeas  eucii  as 
fi3Qp.7+^  ^2sU.+^  ^  V'*',  3nd  HO*"  teve  been  applied  to  tbe  cyclotzcn.  Eapeadimts  hawe 

been  run  using  beats  vixa  eneggy/ntcLean  langing  2.42  tfiA/n  to  40  Mf/V/n,  witb  tc<;al  energy 
mgirg  team  60  tkf/  tc  1.26  Ggf,  and  with  weae  ranging  ftcB  4  to  129.  Future  dewelnpMnt  includes 
owns  anVor  rod  drir.is  for  the  pcodkictian  of  beans  tram  sedid  Mberlsls  and  tbe  acndi‘Icning  of 
the  aouroe  witb  silane  gas. 

•Suporbed  in  yart  hytbe  tf.S.  Oepartsent  of  Energy  ender  Grant  CE-dtoos-eeSEMOSSG,  Ibe  Itbert  A. 
Which  and  IMRP. 

“G.  Mxtcv.'.ty,  P.  Steelser,  R.  C.  Bagers  and  0.  H.  Youngblood,  CDllakocatats. 


BG  4  The  FSU  Optically  Pumped  Polarized  Lithium  Ion  Source.*  E.  G.  MYER*'  .”/■  Florida  State  University.  (20  min.) 


A  laser-optically-pumped  polarized  lithiura  ion  source  is  being  developed  to  provide  beans 
of  nuclear  polarized  ®''Li“  for  injection  into  the  F.S.U.  tanden  Van  de  Graaff-Linac 

accelerator.  The  source  is  largely  based,  on  developments  of  the  polarized  alkali  source 

at  the  Heidelberg  H.P.  tandem  {1,2].  Ele’ctro-optically  modulated,  circularly  polarized, 
light  optically  pumps  a  lithium  atomic  beam  into  a  single  magnetic  substate,  Hj=I,  Mj=l/2 
[3],  Ho  inhomogeneous  magnetic  field  (sextupole  or  quadrupole)  is  needed.  Adiabatic  R.F. 
transitions  enable  the  polarization  to  be  changed  by  transferring  the  population  into 
different  magnetic  substates.  Using  a  second  electro-optic  to  modulate  a  second  beam  from 
the  same  laser,  and  Zeeman  tuning,  the  polarization  of  the  atomic  beam  is  obtained  from 
laser  induced  fluorescence. 

‘Supported  by  the  National  Science  Foundation  and  the  State  of  Florida. 

1.  D.  Kramer  et  al.,  Nucl.  Inst,  and  Heth.  220  (1984)  123. 

2.  H.  Jansch  et  al.,  Nucl.  Inst,  and  Heth.  A254  (1987)  7. 

3.  H.  Reich,  Diplomarbeit,  Heidelberg  (1987). 


BG  5  Automated  Accelerator  Controls  for  a  3  MV  Tandem  Pellctron.  R.  D.  RATHMELL,  National  Eleetrostatia  Corporation.  (20  mm.) 


A  new  accelerator  control  system  has  been  developed  using  a  real-time,  multi-tasking  operating 
system  running  on  a  Motorola  6803O  based  microcomputer.  The  system  includes  multiple  graphics 
and  text  displays  and  provides  communication  for  the  operator  via  these  displays  to  the 
accelerator  which  is  Interfaced  to  CAMAC.  Most  accelerator  parameters  can  be  controlled  using  a 
mouse  in  conjunction  with  a  single  graphic  display  eliminating  the  need  to  change  CRT  pages  to 
control  parameters  from  the  source  to  the  target.  A  touch  screen  is  also  available  to  permit  a 
number  of  parameters  to  be  at  the  operator's  finger  tips  at  all  times.  Operating  parameters  for 
a  new  beam  and  energy  can  be  automatically  set  by  scaling  from  a  previous  set  of  data.  The 
program  and  database  are  structured  to  facilitate  interlock.  ,ig  and  closed  loop  control  of 
parameters.  The  hardware  configuration,  structure  and  fes'.’ires  of  the  software  will  be 
reviewed. 
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BG  6  Prospects  for  Single  State  High  Charge  State  ECR  Ion  Sources.  T.  CLEGG,  Unwersily  of  North  Carolina,  Chapel  Hill.  (20  min.f 
BG7  The  Munich  Laser-Ion  Source;  Research  Results.  G.  KORSCHINEK,  recAmscAe  I/nieeraiwi  MuncAc/i,  West  Germany.  UOmin.) 


SESSION  CA:  ACCELERATOR  TECHNOLOGY 

Monday  evening,  5  November  1990;  Art  Building,  Room  223  at  19:00; 

R.  W.  Hamm,  AceSys  Technology,  Incorporated,  presiding 


CA  1  Cesium-Enhanced  H“  and  D"  Bestn  Characteristic:’  from  a  High-Brightiiess  Volume  Source.* 

T.  W.  DEBIAK,  Grumman  Corporation.  (20  min.) 

Previous  experiments  have  demonstrated  that  the  H*  beam  extracted  from  a  volume  source  may  increase  by  a  factor 
of  four  or  more  when  cesium  vapor  is  introduced  into  the  me  discharge  chamber.  This  is  accompanied  by  a  dramatic 
reduction  in  extracted  electron  current  and  a  sm  dl  Increase  in  RMS  emittance.  We  have  extended  these  experiments 
to  higher  H"  current  enhancement  and  to  D‘  beams  obtained  at  the  same  energy  (20  Ke  V)  and  in  the  same  extraction 
configuration.  The  D'  results  show  similar  characteristics  to  that  obtained  with  HT  beams.  In  particular,  a  current 
enhancement  of  a  factor  of  five  was  obta'  .;d  compared  with  noncesiated  results  and  tlie  extracted  electron  current  is 
dramatically  reduced.  A  study  of  the  be -in  divergence  of  Cs-enhanced  be  'ms  as  a  function  of  e,xtracted  equivalent 
current  produced  unexpected  results.  Ihe  minimum  beam  divergence  appeared  to  occur  at  a  different  equivalent 
current  than  die  uncesiated  results.  In  addition,  the  minimum  beam  divergence  of  the  H*  beams  appeared  to  ocmr 
at  a  lower  equ  ivalent  cunent  than  the  D'  beams. 

•Supported  by  Grumman  IRAD  Contract  7222-3002 


CA  2  A  ^He  RFQ  Linac  for  PET  Isotope  Production.* 

D.  A.  SWENSON,  Science  A pplications  International  Corporation,  San  Diego.  (20  min.) 


An  isotope  production  facility,  based  on  an  8-MeV  'He  RFQ  Linac,  is  under  development 
to  fulfill  the  needs  of  the  medical  coEcaunity  for  hospital-based  sources  of  short¬ 
lived,  positron-emitting  radioisotopes  ftr  positron  emission  tomography  (PET).  The 
short-lived  nature  of  these  isotopes  (2  m.nutes  for  ’*0)  necessitates  that  these  ions 
be  produced  at  the  location  where  they  are  used.  This  gives  rise  to  a  need  for 
economical  sources  of  these  isotopes  that  are  suitable  for  installation  in  both  new 
and  existing  medical  research  and  treatment  facilities.  The  isotope  production  cross 
sections  for  ^He  projectiles  re  adequate  at  an  ion  energy  of  8  MeV.  These  ions,  which 
have  the  same  velocity  as  2.66-MeV  protons,  lie  within  the  velocity  range  for  efficient 
acceleration  in  RFQ  linacs.  The  choice  an  RFQ  linac  c  the  accelerator  and  ^He+-t  as 
the  projectile  leads  to  a  very  favorable  configuration  for  the  production  of  these 
isotopes.  The  single  linear  accelerating  structure  make.,  for  simple  operation  and  easy 
maintenance.  The  double  charge  state  of  the  projectile  malres  for  efficient 
acceleration  and  effective  focusing.  The  neutron-poor  nature  of  the  projectile  leads 
to  very  low  activation  of  the  accelerai.o.r  and  target  systems  and  minimizes  the  required 
radiation  shielding.  The  electrical  power,  cooling  and  floor  loading  requirements  are 
well  within  the  capabilities  of  normal  hospital  and  laboratory  facilities.  -  A 
description  of  the  isotope  production  facility  under  development  will  be  given. 

♦Supported  by  the  SDIO  off’i;G  of  Technology  Applications. 


CA  3  Recent  Applications  of  RFQ  Linau  n  Research  and  Industry.  A.  SCHEMPP,  UnwersitSt  Frankfurt,  West  Germany.  (20  nun.) 


CA  4  A  3-MeV  Accelerator  Test  Stand.*  C.  L.  FINK,  Argonne  National  Laboratory.  (20  i.i'i;.; 


The  Applied  Accelerator  Programs  Section  of  the  Engineering  Physics  Division  at  Argonne  National 
Laboratory  is  collaborating  in  the  development  and  testing  of  high-current  hydrogen  and  deuterium 
accelerators  for  potential  applications  in  fusion  material  testing,  plasma  injection  heating, 
accelerator  production  of  tritium,  and  space-based  accelerator  systems.  A  3-HeV  accelerator  system 
has  been  assembled  to  study  l(ey  issues,  components,  and  diagnostics  in  these  high-current  devices 
in  an  offline  environment.  Nodular  design  of  the  source,  extractor,  accelerator  column,  low-energy 
beam  transport,  and  radio  frequency  quadrupole  allow  maximum  flexibility  in  perf(,rming  tests  of 
system  components  and  new  accelerator  concepts.  The  initial  system  consists  of  a  volume  source, 
a  140-I(V  accelerator  column,  a  cryogenic  radio  frequency  quadrupole,  and  480  IcH  power  supply.  The 
radio  frequency  quadrupole  and  radio  frequency  power  systems  were  designed  by  AceSys  Technology. 

jf.i  a  current  of  100  mA,  an  emittance  of  0.02  jf-cm-mr,  an  output  energy  of  3  HeV, 
a  pulse  width  of  iOO  iis,  and  a  0.1  percent  duty  factor.  Initial  operation  of  this  system  will  be 
to  test  beam  diagnostics  being  developed  for  the  Continuous  Have  Deuterium  Demonstrator.  Ideas  for 
future  activities  include  testing  longitudinal  emittance  diagnostics,  low-energy  beam  transport 
systems,  new  superconducting  radio  frequency  cavity  designs,  and  computer  control  systems.  Future 
system  upgrades  may  extend  the  pulse  width  to  several  seconds  to  test  continuous  wave 
superconducting  radio  frequency  quadrupole  designs  and  provide  the  option  of  using  other  sources 
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such  as  H*,  D*,  and  0.  Modifications  of  the  low-energy  beam  transport  to  an  electrostatic  system 
that  does  not  require  charge  neutralization  is  also  being  considered.  The  source,  extractor,  and 
accelerator  columns  are  being  assembled  currently,  and  the  radio  frequency  quadrupole  fields  have 
been  characterized  and  compared  to  previous  measurements  made  by  others. 

*Hork  supported  by  the  U.S.  Department  of  Energy  under  Contract  W-31-109-ENG-38  and  by  the  U.S. 
Army  Strategic  Defense  Command. 

'Work  described  was  performed  in  collaboration  with  A.  Taylor  and  L.  Sagalovsky. 


CA  5  Initial  Operation  of  the  LLUMC  Accelerator  and  Beam  Transport. 

R.  LITTLE,  Science  Applications  International  Corporation,  Princeton.  (20  min.) 


The  first  proton  synchrotron  system  built  specifically  for  cancer  treatment  is  in  the  early 
stages  of  operation  at  Loma  Linda  University  Medical  Center  (LLUMC).  The  accelerator, 
a  250  MeV  proton  synchrotron,  was  designed,  built,  and  tested  by  Fermi  National 
Accelerator  Laboratory  and  was  moved  to  Loma  Linda  late  in  1989.  Commissioning  and 
initial  operation  at  Loma  Linda  is  described.  A  complete  beam  transport  system  to  the 
treatment  rooms  has  been  installed  including  360*  beam  rotation  to  permit  isoccntric 
treatment.  Tliis  commissioning  and  operation  is  being  performed  by  SAIC  for  LLUMC 


CA  6  The  TRILAC — A  New  Company  Linac  fo,  Anaiyltcal  Analysis.  R.  W.  HAMM,/lccSyi  Technology,  Incorporated.  (20  min.) 

Since  the  development  of  the  Radio  Frequency  Quadrupole  (RFQ)  structure,  the  ion 
linear  accelerator  (linac)  has  been  accepted  as  a  useful  tool  in  research, 
industrial,  medical  and  military  applications.  The  small  size  and  high 
efficiency  achievable  with  the  RFQ  has  made  it  ideally  suited  for  applications 
which  require  a  portable  accelerator.  This  characteristic  nas  been  exploited  in 
a  new  portable  system  for  analytical  analysis.  A  small  F./'Q  lin'.c  that  can  be 
configured  to  produce  either  1  MeV  protons,  900  )ceV  deute.;ons,  or  1.8  MeV  ^He 
ions  has  been  packaged  in  a  self-contained  unit  mounted  in  a  portable  cabinet. 

The  current  available  from  this  system  varies  from  less  than  one  microampere  to 
more  than  100  microamperes,  depending  on  the  application.  This  small  unit  can 
be  easily  transported  or  moved  about  a  plant  or  laboratory  for  application  in 
PIXIE,  neutron  activation  analysis,  or  RBS.  The  system  and  its  features  will  be 
described,  along  with  the  results  from  a  prototype  unit  for  deuterons. 


SESSION  CB:  ACCELERATOR  TARGETRY 

Monday  evening,  5  November  1990;  Union  Building,  Room  411  at  19:00; 

J.  Pauvvels,  Commission  of  the  European  Communities,  Center  for  Nuclear  Measurements, 
and  G.  E.  Thomas,  Argonuc  National  Laboratory,  presiding 


CB  1  Reduction  of  Rare-Earth  Isotopes.  J.  P.  GREENE,  Argonne  national  Laboratory.  (25  min.) 


CB  2  Radioactive  Targets  t  .r  Hcavy-Ion  Experiments. 

H.  J.  MAIER,  Universitat  Munchen,  Federal  Republic  of  Germany.  (25  min.) 

The  quality  of  a  nuclear  accelerator  target  is  assessed  in  terms  of  its  purity, 
mechanical  strength,  thickness  uniformity  and  microstructure.  High  vacuum  thin  film 
condensation  is  the  preferred  production  method,  because  it  results  in  microscopically 
smooth  targets  of  high  purity.  Special  variants  of  this  technique  are  used  in  our  hot 
laboratory  to  prepare  radioactive  targets  of  good  macroscopic  and  microscopic 
homogeneity  while  keeping  the  consumption  of  isotopic  material  on  a  low  level.  New 
equipment  including  modern  production  plants  as  well  as  gloveboxes  and  hotcell 
facilities  permits  to  maintain  the  service  for  a  long  period. 

Radioactive  targets  prepared  in  our  laboratory  do  not  differ  in  morphology  or  other 
properties  from  stable  isotope  targets.  Their  mechanical  strength  is  mainly  determined 
by  the  backj.ng,  wheic-as  the  degradation  under  heavy  ion  bombardment  is  governed  by  the 
chemi  ;al  anu  physical  behaviour  of  the  target  material.  The  inherent  radioactivity 
ha?  v.rtually  no  influence  on  the  lifetime  of  such  a  target. 


CB  T  A  Review  of  Laser  Abla<'on  Techniques  for  the  Preparation  of  Vacuum-Deposited  Isotope  Targets. 
V.  M/iIER-KOMOR,  Technisihc  Universitat  Munchen,  Federal  Republic  of  Germany.  (25  min.) 


Laser  ablation  techniques  are  used  for  the  preparation  of  ac-.clerator  targets  at 
our  laboratory  since  B78.  For  refractory  materials,  where  the  -/aporation  out  of 
a  collimating  crucible  is  not  possible,  laser  ablation  is  the  most  efficient  method, 
because  all  other  procedures  cannot  cover  such  a  big  solid  angle  for  the  substrates. 
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Evaporation  of  isotopic  refractory  materials  at  a  controlled  partial  pressure  of 
an  oxidizing  or  reducing  gas  can  be  performed  only  with  laser  ablation  techniques. 
Procedures  for  target  preparation  are  described  using  different  NdiYAG  laser 
systems,  optically  coupled  to  a  vacuum  chamber  with  a  base  vacuum  of  IO"'^Pa. 
Differences  in  the  results  depending  mainly  on  the  time  structure  of  the  laser 
beam  are  discussed  for  lasers  with  up  to  100  VV  cw-power  and  pulsed  lasers  with 
a  peak  pulse  power  of  0.1  MW  for  I20'ns  and  30  MW  for  10  ns  pulses. 


CB  4  Specific  Nuclear  Target  Preparation  and  Characterization  Techniques  Used  at  CBNM. 
J.  PAUWELS,  Commission  of  the  European  Communities,  Joint  Research  Centre, 

Central  Bureau  for  Nuclear  Measurements,  Belgium.  (25  min.) 


CBlW's  nuclear  target  preparation  activity  Is  conceived  as  a  public  service  towards  neutron  physicists  not 
only  from  CBNH,  but  also  fro*  universities,  nuclear  centres.  Industry,  etc. 

Besides  acre  classical  techniques  like  electrospraying,  spray  painting  and  electrolysis,  high  quality 
actinide  deposits  are  prepared  by  vacuum  deposition  of  actinide  fluorides.  These  evaporate  at  approximately 
lOOO’C  lower  temperatures  as  oxides  do.  The  possibility  to  do  so  Is  however  dependent  on  the  possibility  to 
prepare  high  quality  actinide  fluoride  powders  without  water  residue.  This  technique  Is  used  to  prepare 
targets  used  for  cross  section  Keasurements,  for  fission  fragment  studies  and  also  for  targets  used  as 
fission  foils.  In  this  case  high  accuracy  characterization  Is  obtained  by  low  gemnetry  a-counting  and  IDHS 
calibration. 

Similar  techniques  were  also  used  to  prepare  certified  reference  deposits  of  olif  and  luB  for  absolute 
neutron  flux  measurements. 

Finally,  It  must  be  mentioned  that  many  deposit  requests  are  carried  our  on  thin  foils.  Therefore,  Important 
development  work  was  carried  out  to  prepare  very  thin  (<  25  pg*cm-2)  polylmide  foils. 


CB  5  Experimental  Requirements  for  Accelerator  Targets.  R.  PENGO,  INFN~Loboraton  Naztonal  di  Legnaro,  Italy.  (25  min.) 

The  successful  conclusion  of  a  nuclear  physics  experiment  very  often  depends  on  the  quality  and 

characteristics  of  the  target  used  for  the  nuclear  reaction.  A  target  is  normally  a  thin  film,  composite  or  not,  of 

an  isotope-enriched  material.  Various  techniques  have  been  developed  (vapour  condensation,  rolling, 

sputtering,  electrochemical  deposition,  etc.)  in  order  to  meet  both  the  experimenter's  requirements  and  the 
cost  of  the  preparation  itself.  The  former  depends  on  the  type  of  experiment  to  be  carried  out;  while,  for 
instance,  to  detect  the  gamma-rays  of  the  de-excitation  of  a  nucleus  produced  after  a  nuclear  reaction,  a  thick 
target  can  be  used  (up  to  few  mg/cm^),  whereas  for  a  reaction  mechanism  study  or  a  lifetime  measurements  a 
thin  target  must  be  used  (a  few  tens  of  mg/cm^).  The  latter  problem,  i.c.  the  total  cost,  is  mainly  related  to  the 
necessity  of  using  materials  which  arc  isotopically  enriched  and  sometimes  radioactive  in  order  to  obtain  the 
desired  reaction  and  also  to  the  efficiency  of  production.  E.g.  rolled  targets  have  to  be  preferred  to  vapour 
condensed  ones,  where  possible.  The  experimenter's  requirements  related  to  reactions  induced  both  by  light- 

and  heavy  ions  will  be  reviewed  and  discussed. 


CB  6  Description  of  the  Argonne  National  Laboratory  Target  Making  Facility.  G-  E.  THOMAS,  Arganne  Itauonal  Laboratory.  (25  mm.) 


SESSION  CC:  ION  IMPLANTATION 

Monday  evening,  5  November  1990;  Union  Building,  Room  410  at  19:00; 
G.  M.  Klody,  National  Electrostatics  Corporation,  presiding  ' 


CC  I  Void  Volume  Reduction  in  Surface  Films  During  Ion-Beam  Assisted  Deposition. 
T.  D.  ANDREADIS,*  Naval  Research  Laboratory.  (20  min.) 


A  collision  cascade  model  is  presented  of  the  reduction  of  void  volume  by  incident 
energetic  ions  during  Ion  Beam  Assisted  Deposition  (IBAD)of  thin  films.  Reduction  of  void 
volume  is  of  interest  since  it  is  accompanied  by  increased  stability  of  the  deposited 
film.  Simulations  were  made  for  Ge  deposition  under  Ar  ion  bombardment  using  the  binary 
''vllision  cascade  code  MARLOWE  with  realistic  void-size  distributions.  MARLOWE  is  used  to 
r  -tain  void  volume  loss  as  a  function  of  void  depth  in  the  deposited  film.  This 
information  is  used  to  analytically  obtain  the  ratio  of  ion  beam  to  vapor  atom  arrival 
ratio  that  yields  full  donsification.  The  fate  of  residual  interstitials  and  vacancies  has 
been  ta)cen  into  account. 

*Co-author:  Mervine  Rosen,  Naval  Research  Laboratory,  Washington,  DC,  20375-5000. 


CC  2  Corrosion  Protection  by  Ion-Beam  Assisted  Coatings. 

W.  ENSINGER,  University  of  Heidelberg,  Federal  Republic  of  Germany.  (20  min.) 

Coatings  prepared  using  ions  with  high  energies  are  becoming  increasing  interesting  for  applica¬ 
tion  in  the  field  of  corrosion.  Irradiation  with  ions  with  energies  up  to  some  ten  keV  combined 
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with  evaporation  or  sputter  deposition  leads  to  coatings  with  special  properties  which  are  often 
superior  to  those  obtained  by  other  techniques.  High  adhesion  and  low  microporosity  are  of  par¬ 
ticular  importunce  for  prevention  of  corrosive  attack.  Ion  beam  assisted  deposition  offers  some 
further  advantages  such  as  the  low  process  temperature  (typically  below  200®  C)  which  is  impor¬ 
tant  for  substrates  which  undergo  undesired  phase  changes  at  high  temperatures  or  the  high  fle¬ 
xibility  of  the  process  which  permits  deposition  of  multilayers  and  tailoring  the  interface  be¬ 
tween  coating  and  substrate.  Elemental  coatings  such  as  Al,  Ti,  Ta  and  i-C  and  compound  coatings 
such  as  nitrides  and  carbides  of  Ti  and  Cr  were  deposited  on  iron  and  steel  substrates.  Results 
of  electrochemical  and  immersion  corrosion  tests  in  aqueous  media  like  seawater,  acetate  buffer 
and  dilute  acids  will  be  presented  and  discussed  in  terms  of  coating  process  parameters. 


CC  3  Analysis  of  Porous  Silicon-on-lnsulator  Material.*  L.  G.  EARWAKER,  VntLcnity  of  Birmingham,  England.  (20  min.) 


Silicon-on-lnsulator  materials  are  being  used  in  the  development  of  radiation  hard  VLSI  circuits  and  one 
promising  route  is  the  use  of  porous  silicon.  Porous  silicon  is  produced  by  electrochemically  etching  selected 
regions  of  silicon  «afers  to  produce  volumes  of  highly  reactive  porous  silicon  which  can  easily  be  converted  to 
dielectric  oxide  o'  conducting  metal  or  silicide.  This  is  a  collaborative  programme  involving  also  the  Royal 
Signals  and  Radar  Estabibhment,  Imperial  College,  Queen  Mary  and  Westfield  College  and  Liverpool  University. 
We  have  used  accelerator-based  techniques  to  study  the  behaviour  of  porous  silicon  under  a  range  of 
conditions.  Results  will  be  presentded  on  the  pick-up  and  removal  on  annealing  of  carbon  and  of  methods  of 
minimising  carbon  inclusion  during  transport.  Oxidation  behaviour  as  a  function  of  temperature  and  different 
annealing  conditions  will  be  presented.  Fluorine,  which  has  been  reported  to  improve  radiation  hardness,  has 
been  implanted  into  porous  silicon  and  is  seen  to  be  very  mobile  even  at  low  temperatures.  Finally, 
preliminary  results  on  metallisation  of  porous  silicon  will  be  presented. 

•Supported  by  IED162S  through  the  Science  and  Engir.eering  Research  Council. 

AssMiated  workers,  M  C  ,Briggs,  JPG  Farr,  J  M  Keen  and  M  I  Nasir. 


CC  4  Effects  of  Rapid,  High-Dosc,  Elevated  Temperature  Ion  Implantation  on  the  .Microstructure  and  Tribology  of  Ferrous  Surfaces.* 
D.  L.  WILLIAMSON,  Colorado  School  of  Mines.  (5  min.)  (Invited  Poster  Paper.  See  Poster  Display  PB'  6) 

High  current  density,  broad-bcao  ion  liaplantatlon^  at  60  keV  produces  elevated  target 
temperatures  that  can  be  controlled  by  shuttering  and  variations  in  thermal  contact 
resistance.  Target  temperatures  near  400  C  and  above  yield  unusual  near-surface 
microstructures  for  nitrogen  ion  Implantation  into  ferrite  (puce  iron)  and  austenite 
(AISI  304  and  310  stainless  steels)  as  determined  by  conversion  electron  Mossbauer 
spectroscopy,  x-ray  diffraction  and  Auger  electron  depth  prof iling^ *3 ,  Appropriate 
microstructures  produce  dramatic  improvements  in  sliding  wear  as  characterized  by  an 
oscillating  pin-on-disc  trlbo-tester^ .  Oxygen  and  carbon  ion  implantation  under 
similar  conditions  is  also  under  investigation. 


^Supported  by  the  National  Science  Foundation. 

1.  P.J.  Mllbur,  R.  Hei  and  W.S.  Sampath,  Mater.  Sci,  Engr.  A116 .  215  (1989). 

2.  D.L.  Hllliamson,  Yi  Qu,  R.  Wei,  W.S.  Sampath  and  P.J.  Wilbur,  Mater.  Res.  See. 

Syap.  Proc.  128,  409  (1989). 

3.  D.L.  Williamson,  Li  Wang,  R.  Wei  and  P.J.  Wilbur,  Hater.  Lett,  (in  press). 

4.  R.  Wei,  P.J.  Wilbur,  W.S.  Sampath,  D.L.  Williamson,  Yi  Qu  and  Li  Wang,  J.  Tribology 
112.  27  (1990). 

5.  R.  Wei,  P.J.  Wilbur,  W.S.  Sampath,  D.L.  Williamson  and  Li  Hang,  J.  Lubr.  Technol. 
(in  press). 


CC  5  Ion  Implantation  of  Polymers  for  Electrical  Conductivity  Enhancement. 
L.  B.  BRIDWELL,  Southwest  Missouri  State  University,  Springfield.  (20  min.) 


CC  6  Metal  Ion  Implantation  into  M50  and  TI  Bearing  Steels  for  Improved  Corrosion  Resistance. 
B.  R.  NIELSEN,  Danfysik  A/S,  Denmark.  (20  min.) 


CC  7  The  Performance  of  Ion- Assisted  Diamondlike  Carbon  Coatings.  G.  DEARNALEY,  Harwtil  Laboratory,  England.  ,20  min.) 
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SESSION  CD:  ACCELERATOR  TECHNOLOGY 

Monday  evening,  5  November  1990;  Union  Building,  Room  412  at  19:00; 

J.  W.  Butler,  Naval  Research  Laboratory,  presiding 

CD  1  A  High  Stopping  Poircr,  Segmented  Bragg  Curve  Spectrometer  for  Heavy-Ion  Detection.* 

A.  D.  FRAWLEY,  Florida  State  University.  (20  min.) 

A  large  acceptance,  high  stopping  power,  Bragg  curve  spectroneter  has  been 
developed  for  use  in  coincidence  experiments  with  heavy  ions.  The  electron 
collection  fields  are  radial  and  position  information  is  obtained  from  a 
resistive  anode.  The  detector  is  60  eta  deep  and  operates  at  pressures  of  up  to 
2.5  atm  of  P-10  gas,  giving  it  the  ability  to  stop  12  MeV/u  '•He  ions.  The 
maximum  acceptance  is  77  msr.  The  radial  electron  collection  fields  allow  a 
segmented  anode  to  be  used,  so  that  multiple  hits  from  the  same  nuclear  reaction 
can  be  separated.  The  detector  is  mated  to  a  scattering  chamber  which  allows  it 
to  cover  all  angles  within  a  60*  half-angle  cone  centered  on  the  beam  axis. 
Considerable  experience  has  been  accumulated  with  an  unsegmented  anode,  and  the 
construction  of  an  anode  segmented  into  nine  strips  is  underway.  Factors 
limiting  the  performance  of  the  detector  will  be  discussed,  and  results 
presented. 

‘Supported  by  the  national  Science  Foundation. 


CD  2  Application  of  Mass  and  Encrg>  Dispersive  Recoil  Spectrometry  in  Some  Industry  Related  Studies:  Oil  Additive  Tribology  and 
Optieal  Coating  Diagnostics.  H.J.  VIHVTLOV/.The  Royal  lnst!tuteofTeclinology,Sweden.  (20min.) 

CD  3  Some  Recent  Silicon  Detector  Spectroscopy  Applications  at  LBL.  J.  T.  WALTON,  Lawrence  Berkeley  Laboratory.  t20  mm.) 

The  development  and  fabrication  of  specialized  silicon  detectors  have  long  been  an  integral  part  of  the  LBL  expenmental 
capabilities  This  silicon  detector  expertise  utilizes  two  technologies,  oxide-passivated  diffused  junction  and  lithium-ion 
compensation.  These  technologies  arc  complementary,  with  detectors  of  10  pm  to  SOO  pm  thick  fabneated  using  the 
diffused-j'unction  process  and  detectors  500  to  10,()00  pm  using  the  lithium-ion  technique.  Panicle  spectroscopy 
applications  at  LBL  typically  employ  a  thin  diffused,  AE,  detector  followed  by  a  thick  lithium  compensated,  £,  detector. 

Novel  position-sensitive  AE  and  E  detectors  recently  employed  in  two  separate  experiments  conducted  at  LBL  are 
described  In  addition  the  requirements  for  employing  thick  lithium^ompensated  detectors  in  an  ongoing  LBL  double 
beta  decay  experiment  and  a  proposed  LBL  dark  matter  search  are  also  presented.  Future  cx^tauons  for  silicon  detector 
capabilities  ate  briefly  outlin^ 


CD  4  Hcavy-Ion  Storage  Ring  for  Atomic  Physics  Vacuum  Test  Stand  for  Pressures  of  10“**  Torr.* 

}.  W.  JOHNSON, '  Oak  Ridge  National  Laboratory.  (20  min.) 

A  vacuum  test  stand  has  been  constructed  and  operated  to  test  components  and  procedures  to  achieve  pressures  of  Torr.  The  3.5 

m-long  test  stand  fabricated  from  10-cm-diam  components,  with  316  LN  stainless-steel  flanges,  approximately  models  1/16  of  the 
vacuum  chamber  for  HISTRAP  (Heavy  Ion  Storage  Ring  for  Atomic  Physics),  a  proposed  synchroiron/cooler/storage  nng  accelerator 
optimized  for  advanced  atonuc  physics  research.  The  storage  ring  requires  a  vacuum  of  Ifr  Ton  to  muumize  losses  of  highly  charged, 
very  heavy  ions  decelerated  to  low  energies.  Prior  to  assembly,  the  components  were  vacuum  fired  at  950®C  at  <10-*  Torr.  The  test 
stand  is  bakable  I/I  siru  at  Pressure  is  measured  with  two  extractor  ion  gauges  and  a  Ify**  partial  pressure  residual  gas  analyzer. 
Rough  pumping  is  by  cryosorption  pumps  followed  by  a  ciyopump.  Final  pumping  is  by  two  750//s  utanium  sublimauon  pumps  and 
one  60//S  ion  pump.  A  pressure  of  dXlO-l^  Toir  has  been  achieved. 

♦This  research  was  sponsored  by  the  U.S  Department  of  Energy  under  Contract  No.  DE-AC05-840R21400  with  Manin  Manetta 
Energy  Systems,  Inc. 

’Co  tivestigators  are  W.  H.  Atkins,  D.  T.  Dowling,  J.  W.  McConnell,  W.  T.  Milner,  and  D.  K.  Olsen. 


CD  5  Accelerator  Development  and  New  Ventures  for  Grumman.  R.  BOTWIN,  Grumman  Space  Systems.  (20  min.l 


Grueaan  is  preparing  for  toaorrow’s  world  of  accelerators.  Significant  opportunities  are 
forseen  for  particle  accelerators  in  ailitary  scientific  and  industrial  applications.  Our 
work  encoepasses  accelerator  design,  manufacture  of  cospanents,  and  the  design  of  construction 
of  oajor  test  facilities  for  aillcary  space  accelerators. 

In  the  field  of  oilitary  accelerators  Grusaan  is  the  principal  industrial  contractor  for 
development  of  the  U.S.  Amy's  neutral  particle  bean  accelerator  for  the  Strategic  Defense 
Initiative  (SDI)  program.  In  civilian  applications  our  interests  include  high-energy  physics 
research  accelerators  such  as  the  Superconducting  Supercollicr  (SSC)  and  Relativistic  Heavy 
Ion  Collider  (RHIC),  accelerators  for  oedical  diagnosis  and  therapy,  and  accelerators  for 
□aterials  production  and  lithography. 

At  Grusaan's  accelerator  technology  laboratory  in  Bethpage,  Hew  York,  wide-ranging 
developacnt  is  in  progress  on  such  areas  as:  Autoaatic  control  of  ion  sources  of  high 
brightness;  High-precision  eaittance  aeasurcaents;  High-power  continuous  wave  (CH),  radio 
frequency  (RF)  drive  looops  and  cavities  (RF  Quadrupolcs,  Drift  Tube  Linacs,  and 
Coupled-Cavity  Linacs);  RF  Quadrupole  stabilization  techniques;  and  High-gradient  accelerators. 


Vol.  35.  No.  8  (1990) 


1708 


Monday  Evening 


Much  of  this  work  is  being  done  in  collaboration  with  the  national  laboaratories.  For 
exanple,  the  world's  first  space-qualified  accelerator,  successfully  operated  in  space  in 
1989,  'yas  Jointly  designed  by  the  Los  Alaaos  national  Laboratory  and  Gruaaan  engineers  and 
fabricated  by  Grusaan. 

Looking  toward  the  future,  we  are  convinced  that  the  coapact,  high-power  accelerator  will 
continue  to  evolve  into  a  scientific/nedical  tool  as  significant  as  the  laser  has  proved  to 
be.  Gruaaan's  objective  is  to  be  a  leader  in  the  developaent  and  production  of  the 
accelerators  that  will  serve  these  anticipated  needs. 


CD  6  Undergraduate  Research  and  Teaching  with  a  Small  Tandem  Accelerator.  F.  D.  CORRELL,  L'.5.  .Naia/  Aiadcmy.  *  ilO  nun.. 

The  U.S.  Naval  A<.adetn>  has  rcccnti}  installed  an  NEC  model  SSDH  tandem  aLccIcmtoi,  pnmarily  to  suppon  undergraduate 
student  independent  research  and  several  iaborator)  wouiscs.  The  auxictator  system  presently  includes  the  1.7 -MV  accelerator,  an 
NEC  Alphatross  iui.  source,  and  one  locally  constructeo,  ^r^opumped  bcamline  with  a  general-purpose  scattering  chamber  and  an 
external  bc.iin  ion  miUiprube.  The  milliprobc  was  designed  a.id  constructed  as  part  of  one  student  honors  research  project,  and  will 
be  uxd  in  another  to  study  archeological  samples  by  in  air  ?1X£.  The  laboratory  was  first  used  this  Spnng  in  a  senior-level 
nucle,j  physics  course  .o  demonstrate  inelastic  scanenng  of  protons  from  I7C,  fuithcr  experiments  on  Rutherford  scattering,  wit, 
emphasis  on  both  the  basic  principles  and  on  applications  to  materials  analysis,  arc  planned.  This  Fall,  the  laboratory  will  be  used 
i-T  a  junior-level  modem  physics  course  to  demonstrate  Moseley’s  Law  and  the  principles  of  PIXE  analysis. 

‘James  R.  Huddle,  Jeff  Vanhoy,  and  J.M.  Anthony  have  also  nude  essential  contnbuuuns  to  the  development  of  the  accelerator 
laboiatoiy'  and  of  the  projects  described  herein. 


SESSION  CE:  SINGLE-FVENT  UPSETS 

Mcnday  evening,  5  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  19:00; 

W.  ,7.  .Stapor,  Naval  Research  Laboratory,  presiding 

CE  1  History  and  Overview  of  Microelectronic  Single-Event  Upset  in  Space.  J.  C.  PICKEL,  S-CVBF.D.  (25  min.) 

As  .'nu.'oelsctronrc  feature  Size  conbnued  to  decrease  m  the  m.J-sevenLes  to  allov<  foi  lughet  arcurt  density,  a  threstratd 
v/as  pasue  •'  for  a  nev<  radiation  effect  that  of  smgle  event  upset  (SEU).  The  effea  is  o  consequence  of  the  smaller 
quantty  cf  elect' omc  charge  used  to  represent  mformaton  <n  digrtai  circuitry.  When  this  charge  became  comparable  to 
the  charge  that  could  be  generated  by  a  single  energebc  ion  m  the  cosmic  ray  environme  it  of  space,  the  eta  of  SEU 
concern  began  The  predominant  effect  of  SEU  is  loss  of  information  stored  m  a  memory  cell,  with  no  permanent 
darrage.  Nonetheless,  the  scrambling  of  data  m  space-borne  computet  memones  contnues  ic  be  cause  for  concern 
among  space  system  designers  and  users,  with  problems  ranging  from  nuisance  levels  of  memory  reset  by  ground 
control  to  loss  of  mission  due  to  faulty  instructions  from  a  corrupted  space  computer  memory.  To  a  leaser  extent, 
pemianent  damage  effects  can  occur,  such  as  transistor  burnout  due  to  a  smgle  lon.  Such  permanent  damage  is 
mtoleiabie  tc  space  systems.  Ar.  overview  of  Single  event  phenomena  and  a  histonca)  perspective  ol  the  developments 
in  single  e.ent  radiation  effects  research  vrill  be  given.  Speculation  will  be  made  on  future  trends. 


CE  2  Charge  Collection  in  Scmiconduclors — A  F'undamenlal  Process  for  Single  Events. 

A.  R.  KNUDSON,  .Yuraf  Research  Laboratory.  125  min.i 

Charge  fron  the  ionization  track  of  an  energetic  ion  penetrating  a  sesiconductor  device  can 
be  collected  at  sensitive  .'.odes  by  drift,  diffusion,  anc.  funneling  proce.,ses  and  nay  result 
in  a  change  of  state  of  a  neoory  cell  or  logic  latch.  This  review  will  describe  neasurcsents 
of  both  the  total  anount  of  charge  collected  and  the  tiae  dependence  of  the  charge  collection 
process  in  various  test  devices  and  in  both  bipolar  and  field  effect  transistors.  Ions  (Z=2 
to  35)  in  the  energy  range  fora  1  to  70  KeV  as  well  as  focussed  light  fron  pulsed  picosecond 
lasers  have  been  used  to  produce  charge  in  these  devices.  The  results  of  coaputer 
sinulations  of  the  charge  collection  process  will  also  be  presented. 


CE3  A  Proton  Beam  Facility  for  Single-Event  Research.*  K.  M.  MURRAY.  A.'.W5ri«rct.  i25nim.l 

We  describe  a  charged  particle  (Z-1  or  2)  radiation  system  developed 
jointly  by  KM  Sciences,  The  Naval  Research  Laboratory,  and  The 
Crocker  Nuclear  Laboratory.  The  system  is  used  primarily  to  simulate 
cne  space  environmental  protons  and  other  charged  particles  with 
energies  from  10  to  70  Hev.  These  particles  In  turn  produce  single 
events  in  devices  being  tested.  The  system  provides  a  highly 
reproducible  beam  combined  with  precise  dosimetric  measurement 
and  control  to  better  than  2\  for  fluxes  from  leO  to  lcl2  particles 
per  square  cm.  Thi'  system  can  also  provide  chopped  single  pulses 
with  durations  from  0.1  to  10  seconds  at  intensities  up  to  3el3 
particles  per  square  cm  per  second. 

•Supported  under  Contract  He.  N000H-89-C-2113 
Additional  contributors  to  this  work  are: 

C.  CASTENEDA,  Crocker  Nuclear  Laboratory,  University  of  California, 
Davis,  CA. 

W.  STAPOR,  U.  S.  Naval  Research  Laboratory,  Washington,  DC. 
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CE  4  Heavy-Ion  Beams  lor  Single-Event  Research  at  Brookhavcn — Present  and  Future.* 

P.  THIEBERGER,  Brookhaven  National  Laboratory.  (25  min.) 

Since  ]ow  energy  nuclear  physics  research  was  discontinued  at  Brookhaven  and  repxaced  by  a  relativistic 
heavy  ion  program,  large  blocks  of  time  became  available  at  the  Tandem  Van  de  Graaff  Facility  for 
technological  applications  and  for  research  in  other  areas.  The  main  technological  application  has 
been  the  single  event  upset  (SEU)  testing  of  microelectronic  devices  and  this  activity  has  been  steadily 
increasing  over  the  last  few  years.  The  ion  beam  requirements  for  this  type  of  work  are  discussed  and 
a  description  is  given  of  methods  used  for  satisfying  these  requirements  at  the  Brookhaven  facility. 
Available  ion  species,  energies,  ranges,  LETS  and  beam  Intensities,  purity  and  uniformity  are  discussed 
in  detail.  Characteristics  are  summarized  of  a  sophisticated  and  extremely  user  friendly  test  chamber 
and  associated  hardware  and  software  installed  at  Brookhaven  by  a  coalition  of  government  agencies  and 
made  available  for  general  use.  The  possibility  is  mentioned  of  extending  SEU  testing  to  higher 
energies  by  using  heavy  ion  beams  from  a  Booster  synchrotron  now  under  construction  and/or  from  the 
existing  large  alternating  gradient  synchrotron  (AGS).  Finally  a  brief  discussion  is  given  of  compati¬ 
bility  with  other  programs  and  of  future  availability  of  low  and  high  energy  heavy  ions  for  SEU  testing 
at  Brookhaven. 

*Supported  by  the  U.S.  Department  of  Energy  under  Contract  JDE-ACO2-76ai00pl6,  and  an  Interagency  agree¬ 
ment  with  NASA-Goddard  Space  Flight  Center  (GSFC),  Saval  Research  Laboratory  (NRL),  National  Security 
Agency  (NSA) , 'United  States  Army  Strategic  Defense  Command  (USASDC). 


CE  5  Single-Event  Effects  Experiments  Using  Heavy-Ion  Accelerators.* 

F.  W.  SEXTON,  Sandia  National  Laboratories,  Albuquerque.  (25  min.) 

Electronics  incorporated  into  spacecraft  subsystems  encounter  a  hostile  environment  that  can 
threaten  spacecraft  survival.  In  particular,  heavy-ion  strikes  from  galactic  cosmic  rays,  solar 
flares,  and  the  earth's  radiation  belts  can  alter  critical  data  or  destroy  key  components, 
resulting  in  loss  of  mission.  This  paper  will  address  several  specific  topics  in  single  event 
effects,  SEE.  First,  a  discussion  of  how  heavy-ion  strikes  effect  integrated  circuits  will  be 
presented  with  examples  of  specific  failure  mechanisms  such  as  soft  and  hard  errors,  power 
transistor  burnou*,  and  latchup.  This  will  be  followed  by  a  discussion  of  how  SEE 
experiments  are  performed  and  requisite  accelerator  characteristics.  Energies  in  the  I  to  10 
MeV  per  nucleon  are  typically  required.  However,  relativistic  beams  with  GeV/nucleon 
energies  are  required  for  edge-on  strikes,  characterization  of  space-based  sensors,  and  the 
study  of  dE/dx  films.  Finally,  the  application  of  ion  microprobes  for  detailed  analysis  of  IC 
response  will  be  discussed. 

‘  This  work  supported  by  the  U.S.  Department  of  Energy  through  contract  number  DE- 
AC04-76DP00789. 


CE  6  Single-Event  Effects  Rate  Predictions  in  Space.  .'OHN  R.  LETAW,  Severn  Communications  Corporation.  (25  min.) 


Computational  methods  for  estimating  single  event  error  rates  in  space  are  reviewed.  Single  event  effects 
are  a  source  of  error  in  spacecraft  microelectronics  caused  by  the  passage  of  high-energy  charged  particles 
such  as  cosmic  rays.  These  one-  or  few-bit  errors  may  cause  data  loss  or  system  malfunctions  without  any 
permanent  damage  to  the  device.  Designers  must  be  assured  that  errors  fall  below  tolerable  limits  for 
their  mission.  Susceptibility  of  microelectronic  devices  is  characterized  by  exposure  to  proton  and  heavy 
ion  beams  in  laboratory  facilities.  The  behavior  of  devices  in  space  is  generally  estimated  using 
computational  models  in  conjunction  with  the  accelerator  data.  Models  of  the  space  radiation 
environment  include  the  CREME  (Cosmic  Ray  Effects  on  Microelectronics)  model  of  the  galactic  cosmic 
ray  environment,  the  AP-8  trapped  proton  model,  and  various  models  of  solar  flare  events.  Radiation 
transport  codes  determine  changes  in  the  radiation  environment  after  passage  through  the  Earths 
magnetic  field  and  spacecraft  structural  materials.  Semiconductor  device  models  are  used  to  convert 
particle  fluxes  into  error  rates. 


SESSION  PA:  POSTER  SESSION:  \TOMIC  PHYSICS 
AND  RELATED  PHENOMENA, 

ENERGY  LOSS,  NUCLEAR  PHYSICS 
Monday  evening,  5  November  1990 
Physics  Bldg.,  1st  and  2nd  Firs.,  at  19:00 


PA  I  Reduced  Error  In  via  Nuclear-Coulomb  Exdtcd 

Absolute  Detector  Efficiency  Normalization  for  Targets  with  Z=29-79. 
RIAEHTA',  G.BISS1NGER  and  J.JOYCE,  East  Carolina  U.  -  Incident 
proton  (1-3  MeV)  and  helium  ion  (2-45  MeV)  excited  K  x-rays  in  targets 
of  copper,  silver,  gold,  and  dysprosium  (natural  Dy  and  isotopic  “'Dy 
enriched)  were  measiued  with  a  HpGe  detktor  (3-200  keV  range).  The 
largest  error  in  o^t  was  in  determining  the  absolute  detector  efflciency. 
The  435  keV  gamma  ray  from  nudear-coulomb-excited  '“Dy,  in 
combination  with  an  RDE  curve,  provided  absolute  detection  cfOdency 
for  the  entire  photon  energy  range.  The  absolute  production  aoss  section 


were  determined  by  normalizing  the  K  x-ray  yields  to  the  integrated 
indder.f  beam  flux,  Rutherford  scattcied  ions  and  435  keV  gamma  ray 
yield  in  the  case  of  Dy  targets.  The  multiple  normalization  technique 
reduced  the  overall  errors  and  allowed  for  checking  the  consistency 
among  the  various  normalization  methods. 

"Present  Address:  U.  Central  Arkansas,  Conway,  AR  72032. 


PA  2  Angular  Dependence  of  Thick-Target 
SremBstrahlung.  RAJ  AMBROSE,  D.L.  KAHLER, 
H.E.  LEHTIHET  and  C.A,  QUARLES,  Texas  Chris¬ 
tian  U.*  Bremsatrahlung  spectra  are  obtained 
for  th.-k  targets  of  various  Z  values  using  a 
monoenergetic  electron  beam.  Comparisons  will 
be  made  between  experiment  and  theory  for  the 
yields  of  the  spectra  collected.  The  theory 
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is  determined  by  using  a  simple  model  which 
employs  a  theoretical  bremsstrahlung  cros- 
section  integrated  over  the  target  thickness. 
The  model  takes  into  account  electron  energy 
losses  and  photon  attenuation  within  the 
target  material  using  tabulated  coefficients. 
It  is  also  intended  to  investigate  the  angu¬ 
lar  dependence  of  the  bremsstrahlung  energy 
distribution  focusing  on  a  comparison  of 
this  dependence  between  thin  and  thick  tar¬ 
gets.  The  bremsstrahlung  produced  at  various 
angles  to  the  incident  electron  beam  is  col¬ 
limated  and  detected  by  two  hpGe  detectors. 
Results  will  be  presented  for  incident  elec¬ 
tron  energies  from  50  to  100  keV. 

*  Supported  by  the  Welch  Foundation. 


PA 3  Atomic-field  Bremsstrahlung  at  Zero 
Degrees.  RAJ  AMBROSE,  D.L.  KAHLER,  H.E.  LEH- 
TIHET  and  C.A.  QUARLES,  Texas  Christian  U.* — 
Bremsstrahlung  spectra  have  been  measured  for 
the  elements  Ag,  Te,  Tb,  Au  and  U  at  zero 
degree  photon  emission  angle  with  a  100  keV 
electron  beam.  The  beam  was  deflected  away 
from  the  detector  by  a  magnet;  however,  the 
dispersion  of  the  electron  beam  in  the  target 
created  a  background  that  cannot  be  subtract¬ 
ed  out  easily.  Hence  an  alternate  approach  to 
magnetic  deflection  is  to  ..top  the  beam  com¬ 
pletely  by  adding  a  carbon  backing  to  the 
thin-film  target.  The  thick-target  brems¬ 
strahlung  from  the  low-Z  backing,  which  de¬ 
creases  linearly  to  zero  at  the  end  point, 
can  be  subtracted  out,  and  reliable  estimates 
of  the  cross  section  can  be  made.  Preliminary 
investigations  show  that  this  method  can  be 
used  to  study  a  region  of  about  10  to  15  keV 
near  the  endpoint.  Results  will  be  presented 
for  various  elements  from  Ag  to  U  for  50-100 
keV  incident  electron  energies. 

^Supported  by  the  Welch  Foundation. 


PA  4  Design  of  a  Versatile  Pressure  Control 
system  for  Gas  Targets  in  Ion-Atom  Collision 
Studies.  S.  FUELLING  and  R.  BRUCH,  University 
of  Nevada,  Reno.  —  For  absolute  cross  section 
measuremeri''s,  the  gas  pressure  inside  a 
differentially  pumped  target  cell  or  jet  has 
to  be  known  accurately  a  ^d  kept  constant 
during  the  collision  experim,  nt.  Therefore,  a 
sophisticated  electronic  feed-back  control 
system  has  been  developed,  which  consists  of  a 
time  response  optimized  feed-back  controller 
wnich  uses  the  output  of  an  electronic 
manometer.  As  press’.re  sensor  a  Datametrics 
absolute  Barocel  was  used.  The  gas  flow  was 
regulated  via  a  Veeco  PVIO  piezo  electric 
valve.  A  typical  pressure  range  is  1  mTorr  - 
10  Torr,  depending  on  type  of  sensor  and 
application. 

*Work  supported  in  part  by  Hewlett  Packard, 
Xerox  Corp.  and  Bentley  Nevada  Corp. 


PA  5  Absolute  State  Selective  cross  Sections 
fQrL_Ioaiz^lon.-Excltation  of  Helium  in  fast  H* 
±  He  and  C^  He  Collisions;  Z  -Dependence.  S. 
FUELLING,  G.  LIU,  _R.  BRUCH.*'  University  of 
Nevada.  Reno.  E.  TRABERT,  Harvard  Smithsonian 
Center  for  Astrophysics.  P.  H.  HECKMANN, 
University, of  Bochum.  Gennanv.  —  We  report 
high  resolution  EUV  measurements  of  absolute 
ionization-excitation  emission  cross  sections 
in  the  He*  Lyman  series  (np  ->  Is)  for  n=2  to 


5  following  0.83-2.3  HeV/u  H*  and  C^  impact  on 
He  gas’.  The  experiment  was  performed  at  the 
Bochum  Dynamitron  Tandem  Laboratory  (DTL) . 
These  cross  sections  were  placed  on  an  absolu¬ 
te  scale  by  additional  studies  of  electron  and 
proton  i  .act  cross  sections  carried  out  at 
the  Uni  sity  of  Nevada,  Reno.  Simultaneous 
ionizatl  plus  excitation  of  He  (Is^)  is  of 
fundamen,.al  importance  because  it  reveals  the 
dynamic  aspect  of  electron  correlation  due  to 
the  Coulomb  interaction  between  the  two  target 
electrons  and  the  fast  moving  projectile  ion. 
It  appears  that  the  projectile  charge  state 
dependence  of  the  derived  cross  sections  is 
proportional  to  in  the  energy  range  used. 
(1)  E.  Trabert,  P.  H.  Heckmann,  R.  Bruch  and 
S.  Fuelling,  Nucl.  Instr.  Meth.  g23,  151 
(1987) 


PA  6  Absolute  State  .‘‘.elective  Cross  Sections 
for  Excitation  and  Ionization  plus  Excitation 
of  Helium  in  H*  He.  H.*  +  He  and  H.*  +-  He 
Collisions.  S.  FUELLING,  R.  BRUCH.  University 
of  Nevada.  Reno.  E.  TRABERT,  Harvard 
Smithsonian  Center  for  Astrophysics.  P.  H. 
HECKMANN,  University  of  Bochum.  Germany.  —  We 
present  absolute  photon  emission  cross 
sections  for  the  production  of  He*(np)  and  He 
(isnp)’P*  states  following  50  keV/u  to  500 
keV/u  H*,  and  Hj*  ion  impact  on  He. 

Experimentally  we  have  measured  the  extreme 
ultraviolet  (EUV)  spectra  associated  with  the 
Hel(lsnp)’p°  ->  (ls*)’s  +  hv  and  the  Hell  (np)^P° 
->  (Is)'S  +  hv  electric  dipole  transitions  by 
means  of  a  1.5  m  grazing  incidence 
monochromator.  This  study  has  been  performed 
using  the  Reno  2  MV  Van  de  Graaff  accelerator. 
The  present  results  have  been  placed  on  an 
absolute  scale  by  Hell  \  produced  in  300  eV  e' 
+  He  collisions.  Furthermore  the  detection 
efficiency  of  our  -monochromator  has  been 
determined  by  comparing  1  MeV  C*  -t  Ne  spectra 
from  Reno  and  Bochum’. 

(1]  E.  Trabert,  P.  H.  Heckmann,  R.  Bruch  and 
S.  Fuelling,  Nucl.  Instr.  Meth.  B23 .  151 
(1987) 


PA  7  Detection  of  Long-Lived  Highly  Excited  Ions 
by  Means  of  Charge-Stripping  Processes. 

E.  KAMBER,  Western  Michigan  University, 
Kalamazoo,  MI,  USA. 

See  Session  Number:  GE  8 


PA  8  Ion  Trap  Measurement  of  U^*  X-Ray  Transition 
Spectra . 

N.K.  DEL  GRANDE,  lawrence  Livermore  National 
Laboratory,  Livermore,  England. 

See  Session  Number:  JD  5 


PA  9  A  High  Resolution  Study  of  the  Extreme 
Ultraviolet  spectrum  of  N.  bv  Fast  Proton  and 
Electron  Impact.  M.  BAILEY,  S.  FUELLING,  R. 
BRUCH,  University  of  Nevada.  Reno.  —  High 
resolution  EUV  spectra  induced  by  100  -  1500 
keV  proton  and  100  -  1000  eV  electron  impact 
on  molecular  nitrogen  were  studied  in  the 
spectral  region  from  20  to  90  nm.  A  mass  and 
momentum  analyzed  proton  beam  from  the 
University  of  Nevada,  Reno  2  MV  Van  de  Graaff 
accelerator  was  collimated  and  passed  through 
a  differentially  pumped  gas  cell.  The  radia- 
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tion  resulting  from  H*  impact  was  observed  at 
an  angle  of  90®  to  the  beam  direction  and 
wavelength  dispersion  was  accomplished  through 
a  1.5  m  grazing  incidence  monochromator.  The 
present  work  includes  EUV  emission  studies  of 
atomic  and  molecular  nitrogen  as  well  as 
e'  +  He  data  to  place  our  emission  yields  on  an 
absolute  scale. 

*Work  supported  by  Research  Corporation, 
Edwards  High  Vacuum  International,  Kinetic- 
Systems  and  Acton  Research  Corporation. 


PA  10  Angular  Distribution  of  Decay  Products  in 
Resonant  Processes. 

Y.  HAHN,  University  of  Connecticut,  Storrs,  CT. 


Sec  Session  Number:  IC  6 


PA  11  Total  Charge  Transfer  Cross  Sections  for 

100-1500_  key  ■  Multiply _ gharged _ Carboju 

Nitrogen,  and  Oxygen  Ions  in  Collisions  with 
Gaseous  He .  Ne  ■  and.  H,o_Tarqets ,  M.  ROTTMANN, 
R.  BRUCH,  University  of  Nevada.  Reno.  R.  D. 
Dubois,  L.  H.  TOBUREN,  Pacific  Northwest 

T. .ahoratorv.  —  Absolute  measurements  of  charge 
transfer  cross  sections  for  C^,  N***  and  0*** 

(q  =  1-3)  ion  impact  on  He,  He  and  HjO  are 
presented  as  a  function  of  the  projectile 
energy,  mass  and  charge  state.  The  experi¬ 
mental  results  are  compared  with  earlier  work. 

*This  work  was  supported  in  part  by  the 
Office  of  Health  and  Environmental  Research, 

U. S.  Department  of  Energy  Contract  No.  DE- 
AC06-76RL0  1830. 


PA  12  The  Intensity  Distribution  of  Ion-Induced  KaL"  X-f 
Satellites  and  the  Geometrical  Model.  B.  SULIK  and  I.  TORC 
Institute  of  Nuclear  Research  of  the  Hungarian  Academy  of  Scien 
Debrecen.  Hungary*.  A.  AGOSTON,  BIOGAL  Pharmaceutii 
Works,  Debrecen.  Hungary  -  -  Light  element  (Mg,  Al,  Si,  Ca, 
KaL"  x-ray  satellites  have  been  measured  by  a  crystal  spectro) 
ter.  The  x-rays  were  induced  by  p  and  He"*"  bombardment  at  sev< 
energies.  Additional  data  have  been  collected  from  the  literature  c 
ering  a  wide  energy  range  and  also  for  other  bombarding  particles 
some  cases  more  than  two  orders  of  magnitude  of  projectile  energ 
covered.  Using  the  experimental  data  diagrams  were  constructer 
show,  how  the  different  satellite  lines  shared  in  the  total  Ka  intern 
The  predictions  of  the  geometrical  model'  are  compared  to  these 
agrams.  These  comparisons  help  to  improve  the  model  calculatio: 
*  Supported  by  OTKA-grant  No.  1184-1185. 

'  B.  Sulik,  I.  Kadar,  S.  Ricz,  D.  Varga,  J.  Vegh,  G.  Hock  and 
D.  Berenyi,  Nucl  Instrum.  Meth.  B28,509(1987). 


PA  13  MULTIPLE  COLLISION  ANALYSIS  OF  CHARACTER¬ 
ISTIC  X-RAYS  FROM  50-600  keV  ARGON  STOPPING  IN 
Mg,  Al,  and  Si.*  Sam  J.  Cipolla,  Creighton  U. 

-  Thick  target  analysis  has  been  used  to 

obtain  Ar-L  x^ray  and  target  K-vacancy  product¬ 
ion  cross  sections  for  these  collision  systems. 
Assuming  Ar  L  vacancy  equilibrium,  the  data 
have  been  rendered  to  yield  information  on  the 
L-vacancy  lifetime  and  fluorescence  yield.  The 
results  will  be  compared  and  discussed  in 
relation  to  the  dependence  on  projectile  energy 
and  target  atomic  number. 

*Work  performed  at  the  U.  of  Nebraska-Lincoln 
and  supported  by  NSF  Grant  PHY-8401328. 


PA  14 

K-x-rav  cross  sections  bv  proton  bombardment  E.ROSATO, 
Phvs.  Dept..  ITn.  of  N,apoli  (Italy) — Proton-induced  K-x-ray  cross 
sections  (Ckx)  are  presented  for  all  Z=4+92  elements  over  a  wide 
bombarding  energy  range.  The  values  are  derived  by  perfomung 
fit  in  terms  of  weighted  orthonormal  polynomials  to  almost  all  the 
measurements  available  from  the  literature  (at  present  the  data  base 
includes  more  than  4500  points).  Original  o^x  points  arc  carefully 
screened  to  ascertain  their  precisioin  and  accuracy  and  to  check 
statistical  compatibility  among  measurements  from  various  authors 
and/or  different  techniques.  Experimental  data  are  also  grouped  in 
intervals  of  suitable  svidth  for  reducing  bias  in  favour  Of  mostly 
measured  elements  and  washing  out  unavoidable  fluctuations.  Several 

methods  are  discussed  for  combining  incompadble  and  removing 
statistical  inconsistencies  both  on  a  local  and  a  global  basis.  The  Oiy; 
estimates  are  precise  and  accurate  and  their  uncertainties  are  noticeably 
smaller  than  the  errors  of  any  single  measurements.  Therefore,  they 
could  be  profitably  used  for  PIXE  analysis,  calibrating  x-ray  detectors 
and  testing  theoretical  models  of  inner-shell  ionization.  Present  results 
are  compared  to  empirical  and  analytical  cross  section  formulae. 


PA  15  IncrwaBWd  Binding  EffcctK - iD - 

l.-Sub»hi»n  Ionization _ _af _ Ndj — Bdj — and — En_ 

Charaad  ParticlWB.  L.A.  Rayburn*,  Dapartmant 

Phyaics,  Univaraitv  of  Taxas _ a:^ _ QlUjih^ 

L-aubshall  x-ray  production  cross  sections 
Nd,  Bd,  and  Er  for  incident  dautarons  (0.413 
2I00  MbV>  and  alpha  pi.rticIaB  (0.60  to  2 
MeV)  Mara  measurad  using  standard  tachniqu 
It  is  possible  to  isoiita  two  affac 
Coulomb-deflection  and  increased-binding  (wh¬ 
ere  part  of  the  Perturbed  Stationary  Sta 
(PSS)  theoretical  treatment  of  this  phenomen 
by  forming  ratios  of  the  production  cr 
sections  for  equal  velocity  pairs  of  particl 
The  PSS  theory  provides  a  good  fit  to 
experimental  results  for  the  Coulomb-deflect 
affect  for  all  three  subshells  for  these  s 
three  alaments®')  however,  it  does  not  provid 
good  fit  for  the  increased-binding  affect. 

^  W.  Brandt  and  G.  Lapicki,  Phys.  Rev.  A 
465(1979). 

=  L.A.  Rayburn,  Nucl.Instr.  and  Me 
B40/41(19B9> 113. 

aRetiradiPresent  addreEBt231  Whittier  La 
□liver  Springs, TN  37840, USA. 


PA  16  K-Shcll  X-Ray  Produclion  Cross  Sections  in  .C,  oO,  oF,  ,,Na,  .,Mg, 
and  .jAl  for  0.75  (0  5  MeV  H  and  Li  Ions.  Y.C.  YU,  m!r.  MCNEIR.'D.L. 
WEATHERS,  J.L.  DUGGAN,  AND  F.D.  MCDANIEL,  Depl.  of  Phyncs. 
University  of  North  Texas,  Denton,  TX  76203,  USA,  and  G.  LAPlliKI,  Dept, 
of  Physics,  East  Carolina  University,  Greenville.  NC  27858.  C/5/1. --K-sheii  x- 
ray  production  cross  sections  are  reported  for  elements  with  K.-shcll  x-ray 
energies  between  282  cV  (C)  and  1487  eV  (Al).  X-ray  measurements  were 
made  with  a  Link  Analytical  windowless  Si(Li)  x-ray  detector.  The  Si(Li) 
detector  was  calibrated  for  efficiency  by  comparing  atomic-field 
bremsstrahlung  spectra  from  electron  bombardment  of  thin  foils  with  true 
bremsstrahlung  spectral  distributions  which  are  known  to  5%.'  X-ray 
produclion  cross  sections  arc  compared  to  first  Born^  and  ECPSSR^  theories 
for  direct  ionization  (DI)  and  electron  capture  (EC). 

Work  supported  in  part  by  the  State  of  Texas  Coordinating  Board,  the  Robert 
A  Welch  Foundation,  the  NSF,  the  ONR,  Texas  Instruments  Inc.,  Texas 
Utilities  Electric  Co.,  and  International  Digital  Modeling  Corp. 

'L  Kessci,  C  A  Quarles,  and  R  H.  Pratt,  At.  Data  Nucl.  Data  Tables  28,  381 
(1983). 

‘PWBA  for  DI  and  OBK.  for  EC. 

’W.  Brandi  and  G.  Lapicki,  Phys.  Rev.  A23,  1717  (1981'  for  DI  and  G, 
Lapicki  and  F.D.  McDaniel,  Phys.  Rev.  a22,  1 896  ( 1 980),  A23, 975  (1 98 1 )  for 
EC.  ECPSSR  «  Energy  loss  and  Coulomb  deflection  effects.  Perturbed 
Stationary  State  approximation  with  Relativistic  effects. 
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PA  1 7  Measurement  of  the  Ratio  of  Ionization  bv 
Fast  Hsaw  Projectiles.*  TOM  J.  GRAY  and  NABIL  MALHI, 
Janes  R.  Macdonald  Lab.  Kansas  State  University. 
Manhattan.  KS--We  have  measured  the  ratio  of  the  X-ray 
production  cross  sections  for  the  Laj  2  (L  m  subshell) 
and  1.72. 3. (6)  7  subshell)  for  H,  Li,  Be,  B,  C,  N,  0,  F 
and  "^i  ions  over  an  incident  velocity  range  of  0.5  to  3.0 
MeV,  umu.  Our  results  strongly  suggest  that  distortion 
effects  in  the  entrance  channel  should  be  considered  in 
describing  inner  shell  ionization  by  heavy  projectiles. 
Specifically,  the  ratio,  «,>  is  a  strong 

function  of  the  projectile,  Zj.  Multiple'  ionization 
effects  cannot  explain  the  measured  variations  in  this 
ratio  as  a  function  of  Zj.  Current  theoretical 
descriptions  such  as  the  ECPSSR^  model  are  not  in 
agreement  with  our  measurements. 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Sciences,  Office  of  Energy  Research,  U.S. 
Department  of  Energy. 

1  W.  Brandt  and  G.  Laplcki,  Phys.  Rev.  A  23,  1717  (1981). 


PA  18  L-Shell  X-Ray  Production  Cross  Sections  in  joCa,  ..Fc 
and  jjGc  for  0.75  to  S  MeV  H  and  Li  Ions.  M.R.  M(5nEIR,  Y. 
WEATHERS,  J.L.  DUGGAN,  AND  F.D.  MCDANIEL,  Dtpi  of  Ph) 
Umvermy  of  North  TexOi.  Demon.  TX  7620S.  VS  A.  and  G  L  APICKl,  D 
of  Phyiics,  East  Caroltna  Unmrstty.  Greeiivtlle.  NC  27858.  USA  -  L-shel 
ray  production  cross  sections  are  reported  for  eiements  with  L-shell  x- 
energies  between  303  eV  (Ca)  and  i2i6  eV  (Ge)  X-ray  measurements  v 
made  with  a  Link  Analyticai  windowiess  Si(Li)  x-ray  detector  The  Si 
detector  was  calibrated  for  efficiency  by  comparing  atomic-f 
bremsstrahlung  spectra  from  electron  bombardment  of  thin  foils  with  1 
bremsstrahlung  spectral  distributions  which  are  known  to  S%.*  X- 
production  cross  sections  are  compared  to  first  Born^  and  ECPSSR^  theo 
for  direct  ionization  (Dl)  and  electron  capture  (EC). 

'Work  supported  in  part  by  the  State  of  Texas  Coordinating  Board,  the  Rol 
A.  Welch  Foundation,  the  NSF,  the  ONR,  Texas  Instruments  Inc ,  Te 
Utilities  Electric  Co.,  and  International  Digital  Modeling  Corp. 

’L.  Kcssel,  C.A.  Quarles,  and  K.H  Pratt,  At.  Data  NucI,  Data  Tables  28, 


C^U.^ 


(1983). 

'PWBA  for  DI  and  OBK  for  EC. 

%.  Brandt  and  G.  Lapicki,  Phys.  Rev.  A23,  1717  (1981)  for  Dl  and 
Lapickiand  F.D.  McDaniel,  Phys.  Rev.  A22, 1896(1980),  A23, 975  (1981) 
EC.  ECPSSR  =  Energy  loss  and  Coulomb  deflection  effects,  Perturl 
Stationary  State  approximation  with  Relativistic  effects. 


PA  19  Hieh-Resolution  Hcaw-Ion-lnduced  X-rav  Satellite  Emission  Study 
of  Implanted  Sulfur  as  a  Probe  of  Co-lmnlanted  Oxygen  in  an  Oxide  Matrix.' 
T.  M.  Rosseel,  J.  P.  Young,  C  R.  Vane.,  R.  A.  Zuhr,  Oak  Ridge  National 
Laboratory  and  R.  S.  Peterson,  Department  of  Physics,  University  of  the 
South.-  A  scries  of  quai.z  glass  targets  have  been  implanted  to  a'depth  of  90 
nm  with  approximately  equal  doses  of  70  keV  sulfur  and  35  keV  oxygen  ions 
ranging  from  0.5  to  10  x  lO^'Vcm^  at  the  ORNL  Surface  Modification  and 
Characterization  Facility.  Using  high-resolution  measurements,  the  relative 
fluorescence  yields  of  the  sulfur  KL"  X-ray  satellite  lines,  produced  by  the 
excitation  with  24  MeV  Si  ions  extracted  from  the  ORNL  EN-Tandcm,  have 
been  determined  and  compared  to  a  scries  of  quartz  glass  targets  implanted 
with  sulfur  only.  The  oata  exhibit  lower  yields  for  the  co-implanted  oxygen 
samples  but  similar  dose  dependent  curves.  These  results  are  consistent  with 
oxygen  increasing  the  valence  electron  density  of  the  local  sulfur  environment. 
It  also  suggests  that,  with  the  appropriate  choice  of  a  probe  ion,  HIXSE  may 
be  capable  of  detecting  a  wide  range  of  impurity  ions  including  even  oxygen  in 
oxide  substraTcs. 

'Research  sponsored  by  the  U.  S.  Department  of  Energy,  Office  of  Energy 
Research,  under  contract  DE-AC05-840R21400  with  Martin  Marietta  Energy 
Systems,  Inc. 


PA2U  Z  Dependence  of  K-Shcll  Ionization  at  30  McV/aiau.* 
V  HORVAT,  R  L.  WATSON.  G.  SAMPOLL,  and  T.  LOTZE,  Tex.na 
A6.M  Unlver.sltv.  --  The  projectile  and  target  Z- 
dcpendcnces  of  K-sheli  ionization  by  fast  projectiles  are 
being  investigated  via  K  x-ray  measurements.  Thin 
targets  of  elements  ranging  from  A1  to  Zn  are  bombarded 
with  a  variety  of  30  MeV/amu  ion  beams  ranging  from 
protons  to  Ac  and  the  spectra  of  target  K  x-rays  arc 


observed  with  an  Si(Li)  detector.  Absolute  cross  section 
measurements  are  performed  for  Cu  by  detecting  the 
projectile  ions  directly  in  a  surface  barrier  or 
microchannel  plate  detector  placed  immediately  behind  the 
target  and  recording  the  x-rays  in  coincidence  with  the 
particles.  Cross  sections  for  the  other  elements  are 
made  relative  to  those  determined  for  Cu.  One  of  Che 
main  objectives  of  these  experiments  is  to  test  the 
projectile  Z-dependence  of  K-shell  ionization  for 
projectile  to  K-electron  velocity  ratios  spanning  the 
region  from  1.31  to  3.25. 

Work  supported  by  the  Division  of  Chemical  Sciences  of 
Che  U.S.  Department  of  Energy  and  the  Robert  A.  Welch 
Foundation. 


PA 2 1  The  availability  of  the  Coster- 

Kroniq  Transition  at  Z  =  93.  JOHNSTON, 

Royal  Melbourne  Institute  of  Technology  - 

The  availability  of  L2L3M4  at  Z=93  is  of 
interest  as  a  test  of  relativistic 
calculations  of  Coster-Kronig  electron 
energies.  In  addition,  the  low  energy  photon 
intensity  standard,  decays  to  ^^'Np 

producing  neptunium  L  X-rays.  This  decay  is 
complex  and  atomic  branching  processes  play  an 
important  part  in  final  balancing  of  the  decay 
scheme.  In  the  present  work,  using  proton 
ionisation  of  and  ^^^Np  targets, 

systematic  behaviour  of  ionisation  cross- 
sections  and  atomic  branching  ratios  indicate 
I.2l'3M4  is  energetically  available,  contrary  to 
relativistic  theory. 


PA  22  Photoion  Auger-Electron  Coincidence 
Measurements  Near  Threshold 

J.c.  LEVIN,  University  of  Tennessee,  Knoxville 
and  Oak  Ridge  National  Laboratory,  Knoxville,  TN. 

See  Session  Number:  FA  7 


PA  23  Low  Momentum  Electron  Scattering  from 
Protons 

H.  CR7UIELL,  California  Institute  of  Technology, 
Pasadena,  CA,  USA. 

See  Session  Number:  BB  6 


PA  24  Electron  Energy  Distributions  in  Multiply 
Ionizing  Collisions,  Differential  in  Recoil 
Charge  States. 

H.  SCHOENE,  Oak  Ridge  National  Laboratory,  Oak 
Ridge,  TN,  USA. 

See  Session  Number:  GE  9 

PA  25  Evidence  for  Two  Path  Interference  of 
Coulomb  Focussed  Electrons  in  Low  Energy  He'  -i-  He 
Collisions. 

J.K.  SWENSON,  SAIC,  San  Diego,  CA,  USA. 

Sec  Session  Number:  IC  8 

PA  26  Study  of  the  Line  Shane  of  Auger  Electrons  Excited 
Direct  Ionization  and  Electron  Cnnturc.  T.  VAJNAI*,  L.  SARKA 
A.  KOVER  and  J.  VEGH,  Institute  of  Nuclear  Re.search  of  t 
Hunearian  Academy  of  Sciences.  Debrecen.  Hungary  The  exc 
tion  of  Auger  electrons  by  electron  capture  (in  contrast  to  direct  i 
ization)  in  collisions  of  atoms  with  singly  charged  ions  is  not  influen 
by  post  collision  interaction  (PCI)  effects  in  lack  of  charged  out 
ing  particles.  The  detection  of  the  Auger  electrons  following  capt 
thereby  represents  a  unique  method  to  establish  a  reference  line  shi 
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which  is  free  of  PCI  distortions.  In  the  present  work  we  have  stud 
the  shape  of  the  L3-M2  sCSq)  Auger  line  of  argon  excited  by  0.7  M 
protons  detecting  the  electrons  in  coincidence  with  the  neutral! 
outgoing  H®  atoms  and  without  it.  The  non-coincidence  spectr 
(originating  dominantly  from  direct  ionization)  shows  a  considera 
shift  and  asymmetry  of  the  peak  compared  to  the  peak  of  the  coil 
dence  spectrum. 

*On  leave  from  Technical  University  for  Heavy  Industry,  Misk 
Hungary 


PA  27  Double  Differential  Cross  Sections  for 
Electron  Capture  to  the  Continuum  of  Bare  H  and 
He  Projectiles  in  Noble  Gases  and  Hydrocarbons. 
G.  BISSINGER,  East  Carolina  University, 
Greenville,  NC,  USA. 

See  Session  Number:  IC  10 


PA  28  Angular  Distribution  for  Electron  Capture 
From  He  By  Low  Velocity  Ar**  Ions. 

W.  WAGGONER,  Hastings  College,  Hastings,  NE,  USA. 

See  Session  Number:  GE  6 


PA  29  Electron  Capture  by  0®*  from  Aligned 
Molecular  Deuterium. 

S.  CHENG,  J.R.  Macdonald  Lab,  Kansas  State 
University,  Mai  ittan,  KS,  USA. 

See  Session  Number:  GE  7 


PA  30 

Two  electron  capture  In  ulltslons  of  fully  stripped 

Ions  with  Helium  2.  Chen,  R.  Shlngal  and  C.D.Lin, 

Departmer.t  of  Physics.  Kansas  State  .Inlversitv. 
Manhattan,  K5  66S06  \doptl..{;  an  1  .idopendent  electron 
approximation,  the  double  capl.re  c.-..ts  sections  to 
Individual  doubly  excited  states  for  bare  ions 
colllelng  with  Helium  In  the  keV/araa  range  are 

calculated.  The  double  capture  amplitudes  are  obtained 
by  properly  weighting  with  the  configuration  intei  action 
coefficients  the  single  capture  amplitudes  which  arc 
calculated  using  the  two-center  atomic  oblta  dose 
coupling  method.  The  calculated  cross  section?  are 
compared  with  recent  high  resolution  elec* ton 

spectroscopy  experiments.  The  dominant  states  populated 
In  the  collision  are  generally  well  predicted. 


•  Work  supported  by  the  Division  of  Chemical  Sciences, 
Office  of  Basic  Energy  Science,  Office  of  Energy  Resea¬ 
rch,  U.S.  Department  of  Energy. 


PA  31  Direct  Ionization  and  Electron  Capture  In  K-Shcll  X-Ray  Product 
in  Fluorine  by  Highly-Charged  Boron,  Carbon,  and  Oxygen  loi 
D.K.MARBLE,  F.D.  MCDANIEL,  J.L.  DUGGAN,  M.R.  MCNEIR,  Y.C.  T 
Z  Y  ZHAO,  D.L.  WEATHERS,  AND  P.S.  ELLIOTT.  Dept,  of  Phyi 
University  of  North  Texcu  Denton.  TX  76203,  USA,  R.M.  WHEELER  A 
R.P.  CHATUR  VEDI,  Dept,  of  Physics.  State  University  of  New  York  ColU 
Cortland,  NY  13045,  USA,  G.  LAPICKI,  Dept,  of  Physics,  East  Carol 
University,  Greenville,  NC  27858,  t/5/l--Measurcmcnts  of  fluorine  K-sl 
x-ray  production  cross  sections  are  reported  for  thin  solid  targets  of  YF 
a  function  of  ion  charge  state,  q.  To  determine  target  thicknci 
corresponding  to  near  single-collision  conditions,  x-ray  measurements  w 
made  for  targiUs  of  thickness  2-66  micrograms/cm^  deposited  01 
micrograms/cm^  carbon  backings.  Cross  sections  for  electron  capture  to 
K -shell  of  the  ion  and  the  sum  of  cross  sections  for  direct  ionization  to 
continuum  and  electron  capture  to  the  L,  M,  N,  etc.  shells  arc  inferred  fi 


the  chaige-state  dependence  of  the  data.  Experimental  procedures 
discussed  as  well  as  comparisons  to  theory. 

*Work  supported  in  part  by  the  NSF,  the  ONR,  Texas  Instruments,  Inc., 
State  of  Texas  Coordinating  Board,  and  the  Robert  A.  Welch  Foundation 


PA 32  RTE  Interference  Calculations. 

T.  REEVES,  Coastal  Carolina  College,  Conway,  SC. 

See  Session  Number:  IC  9 


PA  33  Single  Electron  Capture  bv  High  Velocity  Bare  and 
One-Electron  Protectllei  In  Colllslon.s  with  Molecular 
Hydrogen.*  J.M.  SANDERS.  TRACY  N.  TIPPING,  JAMES  HALL,+ 
J.L  SHINPAUGH,  D.H.  LEE,  and  PATRICK  RICHARD,  J.R. 
Macdonald  Lab.  Kansas  State  Univ. .  Manhattan.  KS  66506-- 
Total  cross-sections  for  single  electron  capture  by  O.S- 
2.5  MeV/A  bare  and  hydrogen-like  F  and  0  projectiles  on 
molecular  hydrogen  have  been  measured.  The  measured  cross 
sections  are  compared  with  empirical,  semi-empirical,  and 
theoretical  calculations . 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Science,  Office  of  Energy  Research,  U.S. 
Department  of  Energy. 

*  Permanent  Address:  Lawrence  Livermore  National 
Laboratory,  Livermore,  CA 


PA  34  Electron  Capture  and  Excitation  Studied  bv  State-Resolved 
KLL  Auger  Measurements  in  0,25-2  MeV/u  *.S.  U2? 

+  H./He  Collisions.*  D.H.  LEE,  P.  RICHARD,  TJ.M. 
ZOUROS,^  J.M.  SANDERS,  J.L.  SHINPAUGH,  and  S.L. 
VARGHKE,^  J.R.  Macdonald  Lab.  Kan.sas  Si.  IJ.-State-resolved 
ALL  Auger  cross  sections  were  measured  for  collisions  of  0.25-2 
MeV/u  *5,  lj2r  S)  with  H2  and  He  targets  at  0*.  The 
mechanisms  for  forming  the  Is2f2f '  and  2s^  “*'L  Auger  states 
were  identified  to  be  single  electron  capture,  Tis  excitation, 
and  nonresonant  and  resonant  transfer  excitation  (RTE)  by  the 
'S  ground  or  ls2s  metaslable  states  of  the  incoming  projectile 
ions.  U.sing  known  metastable  beam  fractions,’  the  cross  sections 
for  the  formation  of  the  excited  states  were  extracted  and  com¬ 
pared  with  theory.  The  h2s2p  *P  state  showed  a  projectile  energy 
dependence  of  Ef"  (n=-4.2  for  He  and  -5.2  for  H^  targets)  in 
electron  capture.  The  other  Is2f2f '  “*'L  states  exhibit  RTE. 

*  Supported  by  the  Div.  of  Chemical  Sciences,  Office  of  Basic 
Energy  Sciences,  Off.  of  Energy  Research,  U.S.  Dept,  of  Energy. 

*  Physics  Dept.,  Univ.  of  Crete,  Irakllon,  Crete,  Greece. 

*  Physics  Dept.,  Univ.  of  S.  Alabama,  Mobile,  AL  36688,  USA. 

’  XR.  Dillingham  el  aL,  Phys.  Rev.  A  22,  3029  (1984). 


PA  35  Satellite  and  Hypersatellite  Structure  in 
the  K-Jluger  Spectrum  of  Carbon  Following 
Collisions  of  c‘*  with  He. 

o.M.  At-ITHONY,  U.S.  Naval  Academy,  Annapolis,  MD. 
See  Session  Number:  IC  7 


PA  36  Transition  from  the  Quantum  co  a  Classical  Limit 
on  the  Atomic  Scale.. ^  ,..H.  MCGUIRE,  JACK  C.  SXRATON,  Y.D. 
WANG,  and  L.O.  WEAVER,  ’  .V..  Macdonald  Lab.  Kansa.s  State 

U.--A  projectile  of  cliax,je  Z  carrying  N  electrons  may  be 
described  at  high  tol7  isl''n  velocities  in  Che  Born 
approximation  by  an  effective  charge  Z,jj^(Q) ,  which  varies 
with  the  mom  ’um  transfer,  of  the  projectile.  At 
small  Q,  Z,,,’  goes  to  (Z-N)*  corresponding  to  coherent 
quantum  ampli.udes.  At  large  Q,  Z,f£*  goes  to  Z^+H 
corresponding  . .  incoherent  scattering  by  all  of  the 
constituent  pact. ties  of  ihe  projectile.  This  Incoherent 
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limit  corresponds  to  the  free  collision  model  of  Bohr.  We 
discuss  the  transition  from  coherence  to  incoherence  and 
suggest  experiments  to  observe  this  transition  which  Is 
related  to  the  so  called  "measurement  problem"  of  quantum 
mechanics . 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Sciences,  Office  of  Energy  Research,  U.S. 
Department  of  Energy. 


PA  37  Anisotropy  of  Polarized  X-Ray  Emission  from 
Free  Molecules 

S.H.  SOUTHWORTH,  National  Inst,  of  Standards  and 
Technology,  Gaithersburg,  MD. 

See  Session  Number:  FA  5 


PA  38  Angular  Distribution  and  Linear  Polarization  In 
Olelectronlc  Recombination  of  Llthlumllke  Nickel.*  C.P. 
BHALIA,  Phv.sic.s  Deot.  .  Kansas  State  U.  ■  K.R.  KARIM, 
Physics  Dcpt..  Illinois  State  U..  and  M  WILSON,  Physics 
Deot..  Royal  Holloway  and  New  Bedford  College  H).  of 
London ) . - -Recent  experiments'  with  LLNL  EBIT  (electron- 
beam  Ion  trap;  and  KSU  EBIS  (clcctrou  beam  Ion  source; 
have  made  it  possible  to  measure  the  differential 
dlelectronlc  recombination  (DR)  cross  sections  as  a 
function  of  electron  energy.  The  doubly  excited  states 
jroduced  in  DR  are  collislonally  aligned’  and  the 
stabilizing  x-rays  In  DR  have  characteristic  angular 
distributions.  In  addition  these  x-rays  are,  in  general, 
linearly  polarized.  We  present  here  the  results  of  our 
calculations. 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Sciences,  Office  of  Energy  Research,  U  S. 
Department  of  Energy,  and  in  part  by  the  SERC  Rutherford 
Appleton  Laboratory. 

'D.A.  Knapp,  et  al  ,  Phys.  Rev.  Lett.  210A  (1989);  C.L. 
Cocke,  at  al.,  Bull.  Am.  Phys.  Soc.  3^,  1155  (1990). 

’C.P.  Bhalla,  Phys.  Rev.  Lett.  ^4,  1103  (1990). 


PA  39  Vibrational  Excitation  Effects  on  Core 
Exciton  Spectra 

W.L.  O'BRIEN,  University  of  Tennessee,  Knoxville, 
TN,  USA. 

See  Session  Number:  FA  3 


PA  40  Test  System  for  Creation  and  Trapping  of  Low 
Energy  H'  Ions.*  KI  KI  HOSEA  and  R.A.  KENEFICK, 

Texas  A&M  University. - An  apparatus  for  w  mu 

production  of  a  small  number  (<10‘)  of 
calibration  H‘  for  the  cooling  and  launching 
region  of  the  LANL  antproton  gravity  experiment 
has  been  developed.  Hydrogen  ions  are  detected 
at  high  sensitivity  in  an  ICR  (flat  rectangular 
electrode  structure)  trap  by  a  marginal 
oscillator.  It  is  operated  with  synthetic  Q 
chosen  at  2000-4000  which  is  possible  with  very 
low-level  RF  injection  at  the  selected  cyclotron 
resonance  frequency  in  the  2  to  4  MHz  range. 
Resonance  scanning  and  signal  averaging  are 
achieved  by  magnetic  field  modulation  at  very  low 
frequency.  Differences  in  ion  signal  with  sign 
of  dB/dt  due  to  Faraday  e.m.f.  are  observed  and 
analyzed.  These  differences  can  be  a  useful 
technique  to  distinguish  H'  from  H*  io.’s. 
Resonance  spectra  of  ,  and  Hj'*  are  analyzed 

for  optimization  of  the  detection  sensitivity  for 
the  H'  ions.  An  interesting  and  useful  ion 
signal  response  when  the  marginal  oscillator  is 
driven  slightly  off  resonance  is  analyzed.  The 


capture  mechanism  for  H'  using  swept  trap 
electrode  potentials  is  described  and  results  for 
this  method  are  discussed. 

*  Work  supported  by  the  Department  of  Energy 
under  contract  No.  W7465  ENG-36 


PA  41  Atomic  Physics  Research-  with  2nd  and  3rd 
Generation  Synchrotron  Light  Sources 
B.  H.  JOHNSON,  Brookhaven  National  Laboratory, 
Upton,  NY,  USA. 

See  Session  Number:  FA  1 


PA  42 

Ih€Qi6iicaLilescfipiion.of.ihg.anpnialousjti:..depgad.eac.e-Qf 

the  zero  degree  binary  peak  in  Fq+  +  H2  collisions. 

CO.  REINHOLD +  ,  D.R.  SCHULTZ  and  R.E.  OLSON 
Department  of  Physics.  University  of  Missouri-Rolla.* 

The  anomalous  q-dependence  of  the  zero  degree  binary  peak 
recently  observed  by  Richard  et  al.  ^  is  explained  in  terms  of  the 
differences  between  scattering  of  target  electrons  by  either  a  bare 
or  clothed  projectile.  Calculations  have  been  performed  using  the 
impulse  approximation.  That  is,  the  convolution  of  the  quantum 
mechanical  elastic  cross  sections  and  the  target  momentum 
distribution  were  calculated.  The  non-Coulomb  phase  shifts  due 
to  the  screened  projectile  -  electron  interaction  were  obtained  by 
direct  integration  of  the  radial  Schroedinger  equation  and  using 
Hartree-Fock  model  potentials.  Excellent  agreement  is  obtained 
between  theoty  and  experiment. 

+  New  address:  Dept,  of  Phys.,  Univ.  of  Tennessee  Knoxville. 

•  Supported  by  the  Office  of  Fusion  Energy  of  the  U.S.  D.O.E. 

1.  P.  Richard,  D.H.  Lee,  T.J.M.  Zouros,  J.M.  Sanders  and  J.L 
Shingpaugh,  J.  Phys,  B  22. 1-213  (1990). 


PA  43  Excitation  of  the  Na  3p  Level  by  Light  Ions  in  the 
Intermediate  Enerov  Range.  A.  SEN,  H.  S.  KINDLE,  and  X. 
LI,  University  of  Toledo-An  ion-atom  collision  apparatus 
has  been  built  for  the  measurement  of  excitation  processes 
in  the  energy  range  30-300  keV.  The  light  ions  (H*,  Hg*. 
H3*)  produced  in  a  Danfysik  accelerator  system  are 
intersected  v/ith  a  sodium  beam  from  an  effusive  source. 
The  excitation  of  the  Na(3p)  level  is  measured  by  recording 
the  3p^3s  resonance  emission  in  a  photomultiplier  tube 
with  a  narrow  band  filter.  The  measured  cross  sections  are 
normalized  with  respect  to  the  calculations  made  by 
Theodosiou^ 

’  C.E.  Theodosiou,  Phys.  Rev.  A  36,  3067  (1987) 


PA  44  Molecular  Studies  Using  Imaging  Time-of- 
Flight  Techniques 

M.  HERON,  Brookhaven  National  Laboratory,  Upton, 
NY,  USA. 

See  Session  Number:  FA  8 


PA  45  Collisional  Dissociation  of  HDj*  Molecular 
Ions  in  H2  in  the  Energy  Range  1.5  -  5.0. 

C.  CISNEROS,  Institute  de  Fisica,  UNAM, 
Cuernavaca,  Mor.,  Mexico. 

Sec  Session  Number:  IC  1 1 
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PA  46  2-.  and  3-Electron  Processes  in  Ha*-He 

Collisions. »  0.  Yenen,  B.W.  Moudry,  D.H. 

JaeckSi  and  M.E.  Rudd,,  University  of  Webraska- 
Lincoln —  Most  collision  studies  to  date, 
involving  many-electron  processes,  are  confined 
to  highly  charged  atomic  ions  at  high 
velocities.  To  expand  the  measurements  to 
molecular  ions  and  velocities  of  the  order  of  .1 
a.u.,  we  have  measured  the  energy  spectra  of 
electr'ons  resulting  from  collisions  of  30-120 
keV  Hs*  with  Ke.  The  spectra  show  the 
well-known  autoionizing  states  of  He  and  the 
He~(ls2s*)  Feshbach  resonance.  The  latter  is 
produced  by  a  transfer  and  excitation 
mechanism,  a  2-electron  process.  The  singlet 
autoionizing  states  of  He  are  also  formed  by  a 
2-electron  process  whereas  the  triplet 
autoionizing  states  result  from  3-electron 
processes.  The  energy  dependence  of  these  2- 
and  3-electron  processes  will  be  discussed  and 
a  molecular  orbital  (MO)  model  will  be  used  to 
explain  our  observations. 

*  Work  supported  by  the  National  Science 
Foundation  under  Grant  PHY-870190S. 


PA  47  Angular  distributions  of  H-  fragment  fror 
Ho-  on  Mg  at  low  keV  rnlliflinns.*  C.  Cisneros, 

I.  Alvarez,  3.  de  Urquijo,  and  H.  Martinez. 

Institute  de  Flsica.  UNAM,  Cuernavaca.  Mor.,  62191 
Mexico.  Differential  cross  sections  are  presented 
for  the  production  of  H-  fragment  produced  in  co — 
lUsions  of  Ha-  with  Mg  at  collision  energies  1.0, 

2.0,  3.0,  4.0,  and  5.0  keV.  The  measured  angular 
distributions  fit  a  scaling  law^  (l/Ei„o)d  o  /d  fl  = 
f(Eino  6®)*  Three  interesting  structures  are  obser¬ 
ved  at  13  keV-deg=»,  23.6  keV-deg»  and  40  keV-deg*. 
The  peaks  suggest  that  the  mechanism  for  producing 
the  H-  fragment  is  a  two  step  process,  that  is, 

Ha-  +  Mg  ->  Ha  +  Mg-  ->  H  +  H  +  Mg-  ,  and  H  +  Mg 
->  H-  +  Mg-. 

-Research  partially  supported  by  CONACyT  and  DGAPA- 
^C.  Cisneros,  I.  Alvarez,  C.  F.  Barnett,  J.  A.  Ray, 
and  A.  Russek,  Phys.  Rev.  A14.  88  (1976). 


PA  48  Angle-differential  cross  sections  for 
colUsions  of  K~  with  He.  V.  MA,  C.  E. 

THEODOSIOU,  and  T.  J.  KVAC.E,*  Only,  of  Toledo— 

The  angle-differential  cross  sections  for  the 
elastic  scattering  of  H“  by  He  have  been  calcula¬ 
ted  v/ithin  the  unltarized  Born  approximation  for 
various  impact  energies.  Our  calculations  verify 
previous  predictions  by  Theodosiou,^  based  on  a 
simple  Born  approximation,  of  the  existence  of  a 
sharp  minimum  in  the  cross  sections  at  small 
scattering  angles  due  to  the  internal  structure  of 
H".  Our  data  will  be  compared  with  the  available 
experimental  data.2>3 

*  Supported  by  US  DOE  Grant  DE-FG05-88ER13971 
‘  C.  E.  Theodoslou,  Bull.  Am.  Phys.  Soc.  34,  1358 

(1989):  Phys.  Rev.  Lett,  (submitted) 

*  M.  P.  McCaughey  and  J.  A.  Bednar,  Phys.  Rev. 

Lett.  28,  1011  (1972) 

^  V.  Esaulov,  D.  Dhuicq,  and  J.  P.  Gauyacq,  J. 

Phys.  B  11,  1049  (1978) 


PA  49  Analysis  of  Emittance  Growth  in  an  H'  Ream 

with  Xenon  Gas  Nciitraliz,itinn.«  T.  W.  Dcbiak,  G.  Gammel,  Y.  C. 
Ng,  and  J.  Sredniawski,  Gnimman  Corporation  —  Introduction  of 
a  gas,  like  xenon  or  argon,  into  the  transport  channel  of  an  ion  beam 
may  be  used  to  reduce  the  emittance  growth  due  to  nonuniform 


beam  density.  Measurements  of  beam  emittance  of  an  H-  beam 
with  and  without  gas  neutralization  will  be  presented  at  various 
perveance  values  and  drift  space  distances.  Preliminary  analysis  of 
these  results  indicates  that  the  fractional  reduction  of  emittance 
growth  is  greater  as  the  length  of  the  drift  space  increases.  Results 
of  a  computer  simulation  that  uses  the  electron  loss  cross-sections 
for  H'  and  Xenon  to  model  the  amount  of  space-charge  neutraliza¬ 
tion  will  be  presented.  The  purpose  of  this  model  is  to  obtain  a 
theoretical  basis  for  quantitatively  understanding  these  results. 

•Work  supported  by  Gmmman  IRAD  contract  7222-3002 


PA  50  Measurements  and  .Simulations  of  F.mittance. 

Growth  of  an  H'  Beam  from  an  LBI.  Volume  Source.*  G.  Gammel, 
T.  W.  Debiak,  Y.  C.  Ng,  and  J.  Sredniawski,  Gnimman  Corporation 
—  Measurements  of  emittance  and  emittance  growth  in  an  H‘  beam 
extracted  from  an  LBL  volume  source  will  be  presented.  Effects  of 
introducing  cesium  into  the  arc  chamber  will  be  shown.  Some 
differences  are  noted,  depending  on  whether  cesium  is  actively 
entering  the  chamber  or  whether  the  source  is  running  on  residual 
cesium.  Also,  the  effect ofbeamperveance will beshown.  Atafixed 
location,  the  dependence  of  emittance  on  perveance  is  similar  to  the 
dependence  of  beam  width  on  perveance,  as  if  emittance  is  propor¬ 
tional  to  beam  divergence.  This  data  will  be  compared  with  WOLF 
simulations  of  emittance  growth  at  different  currents,  with  a  non- 
uniform  initial  current  density  distribution. 

•Work  supported  by  Grumman  IRAD  contract  7222-3002 


PA  51 

Heasureraonts  of  the  post  colllslonal  Interaction  and 
Stark  effect  In  Auger  decays  from  He'*'  on  He.  ROBERT 
DESERIO,  University  of  Tennessee  and  Oak  Ridge  National 
Laboratory.  Measurements  of  tlie  cross  section,  doubly 
differential  In  energy  and  emission  angle,  have  been  made 
of  Auger  electrons  produced  In  He"*"  on  He  collisions  at 
beam  energies  of  15,  35,  50  and  65  keV.  Both  target  and 
projectile  Auger  electrons  have  been  observed.  Target 
electrons  experience  a  strong  "Coulomb  focussing”  affect 
—  enhancing  the  cross  section  as  much  as  an  order  of 
magnitude  within  a  few  degrees  of  the  forward  direction. 
The  unfocussed,  forward-directed  projectile  Augers  pro¬ 
vide  a  sensitive  test  of  apparatus  effects  that  can  be 
used  In  the  analysis.  The  measurements  also  provide  an 
opportunity  to  test  other  theoretical  predictions.  The 
detailed  energy  and  angular  distributions  are  a  sensitive 
probe  of  the  precursor  excited  states  formed  In  the  col¬ 
lision.  Recent  calculations  Indicate  that  the  strong 
Stark  fields  of  the  ions  In  the  Ion-atom  complex  are  ex¬ 
pected  to  produce  observable  effects.  *Work  supported  in 
part  by  the  National  Science  Foundation  and  by  the  U.S. 
Department  of  Energy,  Office  of  Basic  Energy  Sciences, 
Division  of  Chemical  Sciences,  under  Contract  No.  DE- 
AC05-840R21400  with  Martin  Marietta  Energy  Systems,  Inc. 


PA  52  ^ 

Measurements  of  two-center  electrons  from  low-energy  H 
on  He  collisions.  ROBERT  DESRIO,  University  of  Tennessee 
and  Oak  Ridge  National  Laboratory.  For  electron  capture 
to  the  continuum  In  ion-atom  collisions,  It  Is  well  known 
that  the  Coulomb  Interaction  produces  a  "l/v"  or  "cusp" 
singularity  In  the  electron  velocity  distribution  at  the 
projectile  velocity.  Measured  distributions  at  high  col¬ 
lision  energies  have  been  used  to  test  predictions  of  the 
multipolc  content  of  the  density  matrix  describing  the 
captured  electron.  For  the  present  measurements  at  10-70 
keV,  the  larger  range  of  electron  velocities  measured 
make  multipole  expansions  of  limited  value.  Only  a  comp¬ 
lete  description  of  the  production  and  emission  process 
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in  the  fields  of  both  the  residual  target  ion  and  the 
projectile  ion  is  exftcted  to  compare  well  with  the  data. 
Indeed,  recent  classical  trajectory  Monte-Carlo  and  CDW- 
EIS  calculations  which  both  include  two-center  effects 
appear  promising,  though  not  completely  satisfying.  The 
present  measurements  show  peaked  angular  distributions  at 
electron  velocities  where  the  effect  of  both  ions  should 
be  comparable,  *Wotk  supported  in  part  by  the  National 
Science  Foundation  and  by  the  U.S.  Department  of  Energy, 
Office  of  Basic  Energy  Sciences,  Division  of  Chemical 
Sciences,  under  Contract  No.  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 


PA  53 

In-bcam  Study  of  Spin  Density  Oscillations  in  Ferromagnetic  Fc- 
based  Alloys  using  isomers.  C.S.LEE,  P.RAGHAVAN*, 

fiutgf  i!  Ujliv.-^  and  R.S.RAGHAVAN,  AT&T  Bed  t,nb.  Since  the 
first  in-beam  observation*' of  spin  density  oscillationsiSDO)  of 
conduction  electrons  in  Fei.;tGex  alloys  using  a  ®'*Ge  isomer  was 
reported,  we  have  continued  the  measurement  of  SDO  using  a 
microsecond  isomer,  G^Qe.  The  isomeric  state  in  ®*’Ge  was  populated 
in  the  ®®Fe(*®0,2pn)  reaction  with  the  pulsed  *“0  beam  at  the  energy  of 
56  MeV,  and  the  magnetic  hyperfine  fields  at  the  Ge-nucleus  site 
were  measured  via  the  TDPAD  technique.  The  observed  set  of 
multiple  precession  frequencies  proves  constant ,  independent  of  the 
solute  concentration,  and  the  deduced  spin  density  manifests  itself 
the  oscillatory  nature  as  a  function  of  interatomic  distance.  The 
radial  dependence  of  SDO  is  extracted  up  to  the  third  nearest 
neighbor  and  the  combined  works  using  both  ^’.^SGe  isomers  will  be 
discussed  in  the  framework  of  the  Ruderman-Kittel-Kasuya-Yosida 
interaction. 

Present  address:  AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

Supported  in  part  by  the  National  Science  Foundation. 

**  C.S.  Lee,  et  al,,  Bull.  Am.  Phys.  Soc.  211(1985)741. 


PA  54 

l£Si - Sysism _ for  Trapping  and 

Eeslstlvelv  Cooling  H-  to  Cryogenic 
■Temoeratures’  S.  Cornford  and 

R. A. Kenef ick,  Texas  A&M  University - 

A  Penning  Trap  held  at  4  K  which  is 
suitable  for  demonstration  of  resistive 
cooling  of  H'  ions,  or  antiprotons  in 
the  LANL  antiproton  gravity  experiment, 
is  described.  Circuit  Q  in  the  range 
3500-12000  is  achieved  using  opposed 
superconducting  solenoids  which  resonate 
with  two  of  the  four-quadrant  ring 
electrodes.  A  Q  of  600  is  achieved  using 
an  identical  copper  solenoid  pair.  The 
normal -mode  trap  resonances  are  driven 
and  detected  during  optimization  of  the 
system  performance.  Current  lifetime  and 
cooling  results  are  presented  and 
discussed. 


*  Work  supported  by  the  Department  of 
Energy  under  contract  No.  W7405  ENG-36 


PA  55  Radiative  Lifetime  Measurements  Using 
a_n  Argon  Ion-Beam.  SCOTT  A.  YOUNG  and  CHARLES 
E.  HEAD,  Univ.  of  New  Orleans  --  Using  an  Ar+ 
ion  beam  in  the  30  to  35  keV  energy  range,  we 
have  obtained  several  radiative  decay  curves 
for  the  upper  levels  of  the  407.2-nm,  434,8-nm 
and  454.5-nm  transitions  of  Ar-y.  All  curves 
were  subjected  to  a  systematic  deletion-of- 
points  curve  fitting  routine  to  assess  the 
effects  of  cascades.  Based  on  fits  to  the 


decay  curves  we  estimate  these  lifetimes  to  be 
about  8.0  r.3,  7.0  ns,  and  9.5  ns,  respective¬ 
ly.  Uncertainties  in  the  first  two  values  are 
estimated  to  be  about  0.5  ns;  anv  in  the  third 
value,  about  1.0  ns. 


PA  56  Injection  and  Conf  inerient  j.c  Beam  Ions* 
liisheng  Yang  and  D.  A.  Church,  t'c/.V.s  a&m  uni¬ 
versity  Ions  from  a  2keV  Ar*  beam  (a  few  nA 
current)  were  captured  into  an  eloctro-static 
ion  trap  (Kingdon  Trap)  and  stored  for  as  long 
as  100  msec.  The  containment  time  was  limited 
by  the  chamber  pressure  of  2  X  10"''  Torr.  The 
trap  is  made  of  an  Al  cylinder,  4"  in  diameter 
by  6"  long,  with  a  central  tungsten  wire  of 
diameter  0.0025".  Past  (100  ns  fall  time), 
high  voltage  pulses  (1.9kV-»0V)  with  various 
durations  of  up  to  100  ms  were  fed  to  the  wire 
to  turn  the  trap  on  and  off.  The  cylinder  was 
held  at  a  constant  potential  ai.9)cv.  The  ions 
were  dumped  at  the  end  of  each  storage 
interval  and  a  fraction  of  them  was  measured 
by  a  microchannel  plate.  A  signal  to 
backy,r.,iir.d  ratio  of  10  was  achieved.  The 
number  of  ions  was  found  to  decrease 
exponentially  with  a  time  constant  of  60  ms 
due  to  collsions  with  the  residual  gas.  The 
technique  is  being  extended  to  slow,  highly- 
charged  jLons  and  lower  pressures. 

*  Researcli  supported  by  the  Robert  A.  Welch 
Foundation,  The  National  Science  Foundation 
and  Texas  A&M  University. 


PA  57  .  ■  . 

Dcceccton  of  two  electrons  In  low  lying  continuum  staces 
of  the  same  proleettle  ion.*  J.D.  RICHARDS,  M.  BREINIG, 
C.C.  GAITHER, III  AND  T.A.  UNDERHOOD,  University  of 
Tennessee  and  Oak  Ridge  National  Laboratory.  A  30  deg 
parallel  plate  spectrometer  with  a  large  channel  place  in 
Its  focal  plane  and  an  anode  consisting  of  discrete 
stripes  has  been  used  in  preliminary  experiments  to  de¬ 
tect  two  electrons  in  low-lying  conCinnum  states  just 
above  the  ionization  limit  of  the  same  projectile  ion. 
Collisions  between  0.1  -  0.3  MeV/uO^’*'  and  Ag^'*'  projec¬ 
tiles  and  Ar  target  atoms  have  been  investigated.  Work 
is  continuing  to  investigate  in  detail  the  energy  and 
angular  correlations  between  the  two  electrons  near  the 
threshold  for  double  escape.  *Hork  supported  in  part  by 
the  National  Science  Foundation  and  by  the  U.S.  Dept,  of 
Energy,  Off.  of  Basic  Energy  Sciences,  Div.  of  Chemical 
Sciences,  under  Contract  No.  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 


PA  58  A  study  of  scattered  ion  charge  states  for  Kr*’  -  Kr  collisions 
(n  =  1A3,4  and  5).  E.  F.  DEVENEY,  MICHAEL  H.  RAPPOSCH, 
and  QUENTIN  C.  KESSEL,  University  of  Connecticut, -The  final 
ionization  states  have  been  measured  for  Kr  ions  scattered  to  1, 2,  and 
4  degrees  from  Kr  targets  for  selected  ion  energies  from  0.4  to  1.4 
McV.  For  projectile  ionization  states  ranging  from  I  to  5  the  average 
final  scattered  charge  state  is  observed  to  have  only  a  weak  depend¬ 
ence  on  the  initial  charge  state.  For  example,  for  1.4  McV,  4  degree 
staiur.r.6  -.c.'agc  final  charge  state  for  Kr*-Kr  colhsions  was  10.2 
and  for  Kr*'  collisions  it  was  10.3.  for  0.7  McV,  I  degree  scattering 
the  final  charge  states  ranged  from  4.8  to  5.3  for  incident  charge  states 
from  1  to  4.  This  relative  independence  of  the  final  charge  state  with 
respect  to  the  imiial  charge  slate  is  surprising.  While  one  would  not 
expect  the  full  increase  in  projectile  charge  state  to  be  reflected  m  the 
final  charge  state  (sharing  of  the  electrons  surrounding  both  nuclei 
might  be  expected  to  occur  m  the  short-bved  colbsional  molecule),  the 
observed  independence  shows  the  ionization  and  charge  transfer 
processes  do  interact  in  a  specific  way.  It  is  not  clear,  for  these  vcjy 
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heavy  ion-atom  collisions,  that  existing  models  provide  an  appropriate 
description  of  the  multielcctron  processes  that  give  rise  to  the  ob¬ 
served  ionization  states. 

‘Supported  by  National  Science  Foundation  grant  number 
PHY-88 18347. 


Energy  Dependence  of  the  Alignment  of  He'’’.*  C.J. 
LIU,  R.W.  DUNFORD,  H.G.  BERRY  AND  D.A,  CHURCH f  Argonne 
National  LaboratorY--The  uncertainty  due  to  anisotropic 
emission  and  polarization  correction  contributes  the 
largest  error  in  the  determination  of  subshell  selective 
electron-capture  cross  sections.  We  report  on  a  study  of 
the  alignment  of  excited  Ne^'*’  ions  produced  in  collisions 
of  Ne8+  ions  on  a  sodium  beam  target  at  beam  energies 
from  4.8  keV/amu  to  32.8  keV/amu.  The  main  capture 
channels  are  in  high  Rydberg  states  (n=9  and  n=8)  with 
high  orbital  angular  momentum.  The  linear  polarization 
of  the  434.2  nm  (n=9  to  n=8)  and  297.7  nm  (n°8  to  n=7) 
emission  lines  of  Ne^'*'  ions  have  been  studied  using  a 
recoil  ion  source^  in  the  energy  region  between  0.025 
keV/amu  and  0.4  keV/amu.  The  work  reported  here  extends 
the  previous  work^  from  low  energies  to  higher  energies 
where  the  atomic  state  expansion  method  or  AO-HO  matching 
method  has  to  be  employed  to  calculate  the  magnetic 
substate  distribution. 

♦Supported  by  the  U.S.  Department  or  .  'ffice  of 

Basic  Energy  Sciences,  under  contract  W-31  -09-1NG-38. 

Present  address:  Texas  A&M  Univ.,  College  Station,  TX 

L.  J.  Lembo,  Ph.D.  thesis,  Stanford  University, 

Stanford,  CA,  unpublished  (1987), 


PA 60  Calibration  of  a  Two-photon  Coinci¬ 
dence  Experiment  Using  133Ba.  DAVID  J. 
LAWRENCE  and  C..4.  QUARLES,  Texas  Christian 
U. *-Accelerator8  are  increasingly  being  used 
in  the  measurement  of  coincident  two-photon 
processes.  The  measurement  of  the  cross 
.section  of  such  processes  using  a  coincidence 
technique  requires  the  determination  of  the 
eff iciency/solid  angle  product.  Since  the 
geometries  for  accelerator  set-ups  are  usual¬ 
ly  quite  complicated,  the  most  accurate  way 
to  determine  the  calibration  product  is  by 
measuring  a  well-known  two-photon  process.  A 
calibrated  133Ba  source  is  well  suited  for 
calibrating  a  coincidence  system.  This  is 
because  its  decay  produces  a  high  rate  of 
coincident  photons  in  the  wide  energy  range 
from  31  to  383  keV.  In  this  paper  various 
two-photon  coincidence  probabilities  for 
133Ba  are  computed  from  tabulated  transition 
values.  Examples  will  be  given  to  illustrate 
the  use  and  accuracy  of  this  calibration 
technique. 

*Supported  by  the  Welch  Foundation. 


PA  61  Radiative  and  nonradiativc  hranchiny  ratios  of 
double  Rydberg  states  of  Ba.— .  K.R,  Karim.  Physics 
Pepartment.  IllinQis  State  U..  C.P.  Bhalla.  Pliv.sic.s 
Department.  Kan.sas  State  U..  and  M.  Wnson.  Physics 
Pepartment.  Rova)  Holloway  and  New  Bedford  College 
(U.  of  Londonl.  We  report  here  the  raJiati'’e  and 
nonradiative  branching  ratios  for  a  few  selected  double- 
Rydberg  states  of  barium  atom  to  different  final  states. 
The  calculation  has  been  performed  using  Kartrec  Fock 
Atomic  model  in  the  intermediate  coupling  scheme 
including  the  effects  of  configuration  mixing. 

*  Supported  by  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Sciences,  Office  of  Energy  Research, 

U.S.  Department  of  Energy. 


PAb2  Lifetime  Measurements  on  Nitrogen  Ion  Beams 
from  a  Low-Energy  Accelerator.  M.E.M.  HEAD,  C.E.  HEAD, 
Univ,  of  New  Orleans,  and  J.L.  DEAN,  LSU  Medical 

Center  -  Experimental  lifetimes  for  the  2p3p  ^D 

laser  level  of  N+  differ  by  an  order  of  magnitude  and 
indicate  Che  need  for  further  study.  High-statistics 
decay  curves  for  the  2p3p  levels  obtained  in  the 
current  investigation  show  clear  evidence  of  a  short¬ 
lived,  growing-in  cascade  and  support  the  longer 
value.  Decay  curves  for  two  of  the  important  cascade 
levels  were  also  measured  directly,  along  with  decay 
curves  for  the  3j’  ♦D  laser  levels.  These  curves  were 
subjected  to  a  systematic  deletion-of-points  curve¬ 
fitting  routine  which  was  evaluated  using  Monte-Carlo 
generated  decay  curves.  Mean  lifetimes  (in  ns)  and 
their  associated  statistical  errors  obtained  from 
decay  curves  to  date  are:  2p3p  ^D,  18.50+0.72;  2t)3d 
■^F®,  8.23+0.28;  2p4f  2.93+0.18;“  2p3p  ^D, 
6.42jl),13.  Systematic  and  curve-fitting  uncertainties 
vary  with  the  particular  level,  and  are  included  in 
total  uncertainties  in  the  full  paper.  These  experi¬ 
mental  lifetimes  are  in  excellent  agreement  with  theo¬ 
retical  transition  probabilities  tabulated  by  NIST. 


PA  63  Integrated  Accclcrator-Monochromator  Apparatus 
for  Time -Resolved  Vacuum-Ulrrnvlolet  Spectroscopy. 
D.F.  HASENKAMPF  and  C.E.  HEAD,  Untv.  of  Hew  Orleans  -- 
A  computer  controlled  vuv  monochromator  and  scanning 
mirror  were  integrated  into  a  low-energy  accelerator 
for  measurements  of  radiative  lifetimes  of  vuv  tran¬ 
sitions  with  the  beam-gas  method.  This  method  is  a 
tlme-of-fllght  technique  in  which  the  decay  time  is 
related  to  the  distance  from  a  target  cell  by  t-x/v 
(v  -  speed  of  the  ions  in  the  beam) .  Radiation  from 
position  X  is  collected  by  the  scanning  mirror  and 
directed  through  the  entrance  slit  of  the  monochroma¬ 
tor,  which  contains  a  1200-g/mm  concave  gracing  In  a 
Scya-Namloka  mount.  The  stepping  increment  along  the 
beam  is  (8.476  +  0.002)  x  10'^  cm  per  step  of  the 
scanning  mirror  drive  motor.  The  monochromator  was 
calibrated  for  expected  operational  slit  widths  and 
used  to  measure  the  wavelengths  and  instrumental  line- 
widths  of  the  102.5-  and  121.6-nm  lines  of  atomic  hy¬ 
drogen  and  a  number  of  Hg  lines.  Application  of  the 
apparatus  for  determination  of  radiative  lifetimes  of 
vuv  transitions  will  be  discussed. 


PA  64  Efficiency  Determination  for  a  Windowlcss  Si(Li)  X- 

Ray  Detector  for  Photon  Energies  Below  5  keV  Using  A.tomic-Ficld 
BrcmsstralJung.*  D.  L.  WEATHERS,  J.  L.  DUGGAN,  M.  R.  MCNEIR,  Y. 
C.  YU,  and  F.  D.  MCDANIEL,  Dtpt.  of  Phyncs,  Untveriity  of  North  Texas, 
Denton,  TX  76103-,  C.  A.  QUARLES,  H.  LEHTIHET,  and  D.  HAULER, 
Physics  Dept.,  Texas  Christian  University,  Fort  Worth,  TX  76/S9— The  effi¬ 
ciency  of  a  Link  Analytical  windowlcss  Si(Li)  X-ray  detector  has  been  deter¬ 
mined  experimentally  for  photon  energies  down  to  600  cV.  Thin  foil  targets  were 
bombarded  with  66.5  keV  electrons,  and  the  resulting  atomic-field  bremsstrah- 
lung  spectia  wc.e  measured  with  the  detector.  The  dcieetor  s  relative  efficiency 
as  a  function  of  pb  >ton  energy  was  obtained  by  coiiiparing  these  mea.*iired  dis¬ 
tributions  with  the  true  spectral  distributions  for  the  brcmsstrahlung,  whnh 
ate  well  known  to  ~5%  [ij.  By  matching  the  relative  efficiency  determined  in 
this  manner  to  absolute  efficiencies  determined  with  calibrated  radioactu^  pho¬ 
ton  sources  ai  v.icrgics  above  5  keV,  a  continuous,  absolute  efficiency  curve  has 
been  obtained.  The  efficiency  data  have  been  fit  with  a  simple  model,  allowing 
extension  to  the  lowest  photon  energies  discetnabic  with  the  instrument  ^~200 
cV)  The  general  applicability  of  the  calibration  technique,  its  limitations,  and 
proposals  for  further  refinement  are  discussed. 


*  Work  supported  in  part  by  the  State  of  Texas  Coordinating  Board,  Texas  Instru¬ 
ments  fnc.,  NSF,  ONR,  and  the  Robert  A.  Welch  Fouadation. 

(IJ  Lynn  Kissel,  C.  A.  Qnatics,  and  R.  R.  Pratt,  At.  Data  Nucl.  Data  'Rbics  28 
(1983)  38M60. 
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PA  65  Stopping  Powers  for  40C  to_2400_ji.!.0_loiis_il!lig_ 
Ar.  jack  L.  price,  STANLEY  H.  VlERN,  DONALD  G.  S1H0NS\  I 
J.  LAND,  JAMES  G.  BRENNAN  ,  Naval  Surface  Warfare  Center 
White  Oak.  HD  -  The  stopping  pov,  .rs  for  400  to  2400  keV  N 
in  He  and  Ar  gas  targets  were 'measured  using  time-of-fligi 
techniques.  The  stopping  power  was  directly  determined  fi 
the  change  in  ion  time  of  flight  over  a  fixed  distance  af 
passing  through  a  differentially-pumped,  ''/indowless  gas  ci 
Start  and  stop  pulses,  derived  from  seconcary  electrons 
produced  by  passing  the  ion  through  thin  C  foils  and  dete> 
by  microchannel  plates,  are  used  to  trigger  a  TAC  spectroi 
The  measured  stopping  power  values  are  analyzed  as  a  func 
of  their  linearity  with  projectile  velocity  and  are  compa' 
with  those  compiled  by  Ziegler  et  al.*  and  with  predictio 
the  Firsov-Land-Brennan  (FLB)  Theory. ‘  In  general,  the 
measured  values  agree  with  FLB  but  are  consistently  lower 
those  of  Ziegler.  Comparison  of  results  obtained  with 
*’N  and  with  N+  and  N'*"*'  projectiles  will  be  presented.  D- 
of  the  measurement  and  detection  systems  will  also  be  giv> 

*  Also  at  The  Catholic  University  of  America,  Washington, 

1  J.  Ziegler,  J.  P.  Biersack,  and  U.  littmark.  Stooping  ■ 
Range  of  Ions  in  Solids.  Pergamon  Press,  NY  (1955). 

2  D.  J.  Land  and  J.  G.  Brennan,  Atomic  Data  and  Nuclear  I 
Tables  22,  235  (1978). 


PA  66  Corrections  to  Ion  Energj  Determinations  in  Tandem  Accclerato. 
A.M.  ARRALE,  S.  MATTESON,  F.D.  McDANIEL.  and  J.L.  DUGG/ 
Dept,  o)  Physics  and  Center  for  Materials  Characurisutiun.  Lmteisuy 
Nor.h  Tex.ts.  Denton.  TX  76*03--lon  energy  loss  occurs  during  pass 
through  the  stripping  gas  or  foil  in  the  terminal  of  a  tandem  accelerator 
energy  loss  is  usually  small  and  is  ignored  in  most  experiments, 
accelerator  mass  spectrometry  (AMS),'  the  energy  loss  may  result 
non-detection  of  the  ion.  We  have  obtained  an  approximate  expression 
the  energy  loss  of  1  to  4  MeV  ions  in  nitrogen  gas  and  carbon  foils.  By  us 
the  scaling  theory  of  Lindhard,  Scharff,  and  Schiott  (LSS).^  a  semi-empir 
formula  is  found  for  the  energy  loss  as  a  function  of  a  dimensionless  redu 
energy.  Calculated  energy  losses  of  all  ions  as  a  function  of  atomic  mas 
plotted  for  each  energy,  and  the  result  is  compared  to  experimental  d 
measured  in  an  AMS  system. 

♦Work  supported  In  part  by  the  State  of  Texas  Coordinating  Board,  Te 
Instruments  Inc.,  the  NSF,  the  ONR,  t.hc  Robert  A.  Welch  Foundation.  Tc 
Utilities  Electric  Co.,  International  Digital  Modeling  Corp.,  and 
University  of  North  Texas  Organized  Research  Fund. 

J.M.  Anthony,  S.  Matteson,  D.K.  Marble,  J.L.  Duggan,  F.D.  McDaniel, 
D.J.  Donahue,  Nucl.  Insti  .m  and  Methods  in  Physics  Research  BSO, 
(1990). 

U.  Lindhard,  M.  Scharff  and  H.E.  Schiott,  Mat.  Fys.  Medd  Vid.  Selsk. 
no.  14  (1963). 


PA  67 

M.PSf^ALBAf  A.ARKAU/  P .M.CCKENlQUCf  Departanento  dc  Flsica  de 
Matcriales,  Univeraidad  del  Pais  Vasco,  Facultad  de  Quinlca,  San 
Sebasti6n  20080,  Spain. 

A  charge  state  approach  is  used  to  calculate  the  electronrc 
stopping  power  ot  carbon  for  a  bean  of  He  ions  at  intecr.ediate 
energies.  The  contribution  to  stopping  power  fren  the  different 
charge  states  and  that  of  the  charge  exchange  processes  are 
evaluated  separately.  Several  approxinations  to  treat  the  C-target 
are  used  to  study  the  difference  between  dianond,  graphite  and 
anorphous  caroon.  comparison  with  some  experisental  data  is  done. 


PA  68  A  Possible  Search  for  Doubly-Charged 
Negative  Ions.  DURO  MILJANId,  Ruder  BoSkovid 

Institute,  Zagreb,  Yugoslavia.  -  Reports  on 

the  observation  of  doubly-charged  negative  ions 
are  inconclusive.  Searches  via  accelerator  mass 
spectrometry  (AMS)  gave  very  low  limits  dO’*^- 
10  '*)  for  the  ratio  of  doubly-charged  to 
singly-charged  ions.  However,  since  one  is 


Monday  Evening 

probably  dealing  with  very  loosely  bound  ions, 
the  AMS  as  used  in  the  searches  may  not  be 
suitable  for  this  purpose.  It  is  proposed  to 
use  singly-charged  negative  ions  of  positron 
emitters  (e.g.'  F  )  as  parents  of  doubly- 
charged  negative  ions.  Different  approaches  to 
the  search  will  be  discussed. 


PA  69  Scattering  of  Moler.iilnr  Hydrogen  at  Fixed 
Orientation.*  Y.D.  HANG  AND  J  H  MCGUIRE,  .I.R.  Macdonald 
Lab.  Kansas  State  Unlv. - -Ulthln  a  first  Born  theory,  we 
have  studied  collisions  with  H2  by  fast  projectiles  (bare 
nuclei  and  projectiles  carrying  electrons).  Because  of 
the  relative  short  collision  time,  electronic  transitions 
occur  at  a  fixed  orientation  of  the  molecular  axis.  He 
first  consider  orientation  dependence  in  ionization  of  H2 
by  fast  protons.  The  orientation  dependences  in  cross 
sections  generally  tend  to  be  less  pronounced  than  those 
found  in  charge  transfer  processes.  The  total  cross 
sections  are  compared  with  experiments.  Our  calculations 
suggest  that  a  constructive  interference  between  the  two 
atomic  centers  may  explain  the  observed  "equality"  between 
H2  and  2H  at  high  velocities.  He  then  isolate  the  role  of 
the  molecular  rwo- center  effects  and  apply  this  result  to 
recoil  distribution  from  Coulomb  explosions.  This  is  done 
by  using  an  effective  charge  involving  a  molecular  form 
factor  at  a  fixed  orientation.  He  show  that,  in  general, 
use  of  an  orientation  averaged  form  factor  is  not  always 
justified. 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Sciences,  Office  of  Energy  Research,  U.S. 
Department  of  Energy. 


PA  70  Dissociation  cf  Multlcbarged  Holecular  Ions 
Produced  in  Collisions  with  97  MeV  G.  SAHPOLL, 

R.  L.  HATSON,  0  HEBER,  and  V.  HORVAT,  Texas  A6H 
L'oivcrsltv.  --  Tra...>ient  molecular  ions  of  O2,  N2,  and  CO 
having  charge  .i  to  lC|,wetc  produced  by  single 
collisions  o.€  _•/  MeV  Ar  projectiles.  The  resulting 
dissociation  p.roducts  were  identified  by  coincidence 
time-of- flight  spectroscopy.  The  differences  in  the 
times  of  flight  of  the  two  ions  formed  in  these  binary 
dissociation  events  were  used  to  deduce  the  average  total 
kinetic  'nr  —.ies  for  the  various  charge  division 
pathways  ir.  some  cases,  it  was  possible  to  transform 
the  time  difference  distribution  into  kinetic  energy 
dist.-ibu  ■  .on  by  employing  a  Monte  Carlo  trajectory 
simulation  procedure. 

*Hork  supported  by  the  Division  of  Chemical  Sciences  of 
the  U.S.  Department  of  Energy  and  the  Robert  A.  Welch 
Foundation. 


PA 71  Miiltlcbarood  Recofl-Ton  Production  b'^  Fission 

Fragments.'*'  B.  HILL,  R.  L.  WATSON,  B.  B.  BANDONG,  and*G. 
SAHPOLL,  Texas  AAM  University.  --  Charge  state 
distributions  of  He.  Ke,  Ar,  Kr,  and  Xc  ions  produced  by 
bombardment  with  highly-charged  heavy  ions  from  the 
spontaneous  fission  of  Cf  have  been  measured  using 
time-of-flight  spectroscopy.  The  measurements  reveal 
that  as  many  as  10  electrons  are  removed  from  Ar  in  a 
single  collision.  Tlie  spectra  and  the  cross  sections 
obtained  for  the  various  target  gases  will  be  presented 
and  compared  with  Che  results  of  experiments  utilizing 
lower  Z  projectile  ions  from  a  particle  accelerator. 

St 

Work  supported  by  the  Division  of  Chemical  Sciences  of 
the  U.S.  Department  of  Energy  and  the  Robert  A.  Welch 
Foundation. 
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PA  72  Recoil-Ion  Kinetic  Energies  for  Collisions  of  96 
MeV  Ar.  0.  HEBER,  R.  L.  WATSON,  G.  SAMPOLL,  and  B.  B. 
BANDONG,  Texas  A&H  University  --  The  kinetic  energies  of 
He,  Ne,  and  Ar  recoil- ions  produced  in  single  collisions 
with  96  MeV  Ar*^  and  Ar^’’*'  projectiles  have  been 
determined  from  high  resolution  tlme-of-flight 
measurements.  They  were  found  to  vary  from  =kT  for 
charge  1  recoil-ions  to  6  eV  for  Ar^^  recoil-ions.  For 
the  higher  charged  recoil- ions,  the  kinetic  energy 
increases  faster  than  q  .  Average  impact  parameters  arc 
deduced  from  these  results  and  compared  with  those 
obtained  by  Levin  et  al.^  for  25  MeV  ci'’’*'’ on  Ar. 

Work  supported  by  the  Division  of  Chemical  Sciences  of 
the  U.S.  Department  of  Energy  and  the  Robert  A.  Welch 
Foundation. 

C.  Levin,  R.  T.  Short,  C.-S.  0,  H.  Cederquist,  S.  B. 
Elston,  J.  P.  Gibbons,  I.  A.  Sellin,  and  H.  Schmidt- 
Bocking,  Phys.  Rev.  A16,  1649  (1987). 


Pa  73  KLn  fn-2.3.41  RTEA  Cross  Sections  fer  C^'  f  H..* 
R.  PARAMESWARAN,  B.P.  WALCH,  and  B.D.  DoPAOLA, 
Macdonald  l.ab.  Kansas  State  Unlv. --Cros.s  sections  for  RTEA 
with*4-12  MeV  projectiles  incident  on  a  H2  target  were 
obtained.  The  measured  cross  sections  were  then  compared 
with  theory  to  obtain  the  first  experimental  confirmation 
of  the  theoretical  prediction  of  the  n-dependence  (n  - 
principal  quantum  number)  of  the  RTEA  cross  sections. 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office 
of  Basic  Energy  Sciences,  Office  of  Energy  Research,  U.S. 
Department  of  Energy. 


PA  74  D  State  Components  of  Li 

D.  LEHMAN,  George  VJashington  University, 

Washington,  DC,  USA. 

See  Session  Number:  BB  5 


PA  75  Novel  Applications  of  Narrow  Nuclear 
Resonances 

K.  ROLFS,  North  Carolina  State  University, 
Raleigh,  Nc,  USA. 

See  Session  Number:  BB  8 


PA  78  In  Beam  Specttoscoov  And  Hicro.symic  Calculations 
In  The  A  -  60-80.Regi^  L.  Chaturvedi*,  J.  H.  Hamilton , 
A.  V.  Ramayya,  X.  Zhao,  Vanderbilt  University.  --  In 
recent  years  our  understanding  of  the  mean  field  in 
nuclei  has  greatly  expanded  with  the  discovery  of  new 
regions  of  deformations.  Earlier,  the  nuclei  in  this 
mass  region  v/ere  thought  to  be  quasi-vlbratronal.  Since 
the  discovery  of  shape  coexistence  in  ^^Se  (Ref.  1), 
experrmental  and  theoretical  studies  of  nuclei  in  this 
region  have  shovm  that  their  spectra  are  quite  complex 
and  exhibit  coexistence  of  bands  of  quite  different 
deformations.  Sharp  changes  in  nuclear  structure  with 
small  changes  in  neutron  or  proton  numbers  have  been 
observed  through  the  influence  of  competing  gaps  In  the 
Nilsson  single-particle  levels  at  different  deformation. 
Unusually  large  ground  state  deformations,  P  -  0.4, 
observed  in  this  region  are  the  result  of  a  reinforcing 
effect  of  the  shell  gaps  in  the  single  particle  levels 
for  both  Z,N  -  38.  The  remarkable  agreement  of  recent 
microscopic  calculations^  (TQbingen)  and  studies^  of  ®®Ge 
and  '^Se  with  19  and  20  Compton  suppressed  Ge  detectors 
at  HHIRF  will  be  reviewed. 

♦Physics  Dept.  ,  Banaras  Hindu  U. ,  Varanasi -221005,  India. 

1. J.  H.  Hamilton  et  al.,  Phys.  Rev.  Lett.  21,  239  (1974). 

2. L.  Chaturvedi  et  al.,  to  be  published. 


PA.  79  Nuc)  ear  Level  Studies  in  1 2 7 

T.S.  CHEEMA,  D.  MEHTA,  AND  B.K.  ARORA 
Pan  jab  U .  --  Different  nuclear  levels  in  1-12 

have  been  populated  via  Coulomb  Excitatio 
process  using  low  energy  proton  beam. .  Angula 
correlation  studies  of  the  de-excitation  garam 
rays  were  carried  out  using  two  64.1  cm*  HPG 
detectors  placed  at  0*  and  90*  respectively  wit 
respect  to  the  incident  proton  beam.  The  lodin 
target  was  prepared  by  pressing  KI  into  a  thic 
pallet.  The  proton  beam  of  3.57  MeV  energy  wa 
used  to  excite  the  levels  at  202.8,  375.0,  418.0 
628.6  and  745.0  keV  in  1-127.  The  raultipol 
mixing  ratios  and  A2  coefficients  for  variou 
gamma  ray  transitions  have  been  extracted  an 
compared  with  those  given  by  Ward  et  al . 1  an 
Renwick  et  al.2  The  ambiguity  in  the  spi 
assignment  to  the  level  at  628.6  keV  is  discusse 
in  the  light  of  present  measurements. 

ID.  Ward  et  al.  Phys.  Lett.  29B,  487  (1969). 

2B.  B.W.  Renwick  et  al .  NPA  208,  574  (1973). 


PA  80  Radioactive  Beams  in  Astrophysics 

PA 76  Pion  Absorption  on  Nuclei  RODNEY,  Georgetown  University,  Washington,  DC. 

P.  RODS,  University  of  British  Columbia  Campus, 

Vancouver,  B.C.  Canada.  See  Session  Number:  BB  9 


Sec  Scs.sion  Number:  BB  7 


3.4-6. 4  MeV  g-Particles 
W.  Wa.nK,  E.  K.  Lin,  S.  W. 

_ _  Academia 

Republic  of  China 


from 

c. 

Hsu,  Institute  of  Physics. 


PA  77 

Gamma  Radiation 
bombarding  on  ^'Al. 

Hsu  and  I.  C  I,  _  __ 

Sinica,  Taipei.  Taiwan.  _  ^  _ 

5-The  ganna^radiation  following  -the  reaction: 

^  ^’30  Al(g,  o'y)  A] 

and  Al(a,  ny)  P  have  been  measured.  Excitatioi 
functions  were  obtained  at  90°  in  the  energy  rang: 
E  =  3.4  -  6.4  MeV  for  selected  regions  of  y-rs) 
energies  with  a  high  resolution  KpGe  detector  anc 
a  large  volume  Hal(Tl)  scintillator.  In  All, 
about  300  resonances  were  observed  and  tht 
corresponding  excitation  energies  (Ex  =  12  -  I5 
MoV)  of  the  compound  system  ^  ?  were  determined. 
The  obtained  level  density  in  this  region  was 
compared  with  the  calculation  of  statistical 
compound  nucleus  theory. 


PA  81  StJtrcf.  in  Ne=°  tlirouuli  t  he  "♦FCo.o) 
reaction,  v.  nzzoiiz  .mil  M.  DEH0.ihDfti-Lnn.iJSTHD. 
In^titut  dc  PJivsiqtie.  B.P.32  Behexxouar. 
hi ger. (DLCERini .  ue  have  studied  the  excited 
states  in  He*®  around  14.5  MeV  excitation 
energy  through  the  ’^Fip.a)  reaction  at  proton 
energies  between  1.55  HeV  and  1.64  MeV  by  5  keU 
steps. Gas  target  and  differential  pumping  are 
uti 1 i zed. Exci tat i on  functions  at  several  angles 
have  been  obtained  for  the  5  first  a  groups. The 
data  show  clearly  2  resonances  at  1575  keU  and 
at  1605  keU  with  35  keU  and  6  keU  width 
respectively. The  analysis  of  the  data  are 
performed  in  the  frame  of  the  R-Matrix 

formal i sm . Taki ng  into  account  also  all  the 
resonances  in  the  same  energy  range  compiled 
(1983)  by  F . Aj zenberg-Sel ove ,  we  deduced  the 
partial  widths  .jich  give  the  best  fits  to  the 
data  and  the  most  probable  spin  parity 

assignment  0*,  1-  and  1-  to  the  14.27  MeU, 

14.34  MeU  and  14.37  MeU  in  Ne*°  respectively. 
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PA  82  Trends  in  (n.<x)  cross-sections  at  14,5  HeV 
h.ATASOY.S.DOKHEN,  V.OZBIR,  Dept,  of  Physics  Cekmece  NucU 
Research  and  Training  Center.  ISTANBUL,  TURKEY 
The  available  Information  on  the  neutron  induced  {n,o<)  rt 
as  well  as  the  reaction  cross  sections  are  reviewed  for  tt 
interval  of  9^2-92  at  14.5  HeV  neutron  ener^,  the  choic 
this  energy  being  mainly  due  to  the  availability  of  inten: 
neutron  beams  using  SAHES  T-400  low  energy  ion  acceleratoi 
the  Cekraece  Nuclear  Research  and  Traing  Center. 

In  this  study,  it  was  found  that  the  ratio  of  Ci”"/ (14. 5-1 
shows  an  exponential  form  as  a  function  of  (N-Z)  where  E.. 
the  (n,c<)  threshold  energy  and  (N-Z)  is  the  neutron  sxcM 
the  target  nucleus.  This  realationship  can  be  expressed  bj 
following  empirical  equation 


6  = 


(14.5-E^^)1/3 


a=65.034 

a=12.1 


b=0.34  OcN-Z 
b=0.089  9^  N-Z 


where  E^^^  is  in  MeV.  The  good  fit  of  this  empirical  formu 
the  experimental  cross  sections  for  9  -  Z  -  92  can  be  usei 
quick  estimation  of  the  unknown  cross  sections. 


PASS 

Slowing  down  nf  hpxvy  lnn<  In  nrrtr  cropping  novgr 

caxisaia.  A.  abdesseuw,  j.p.  stoquert,  g.  guillauhs,  «.  hage-ali, 

y.J.  GROB  and  P.  SIEPERT,  C»ntrn  d»  Rnrhnrohns  nuolXalrns 
ITN2P1I.  l.ahorarnlrn  PMASF.  lUPR  rill  r.RS  n'?<;?l  ■  SP  7.0.  F-S7037 
snranhoiiro  Frnnrn  —  Accuracy  in  the  Rutherford  backscat- 

terln9  technique,  which  is  extensively  used  in  saterial  analysis, 
nas  been  largely  ieproveu  by  systematic  measurements  of  the  stop¬ 
ping  power  for  the  light  ions  used  as  projectiles,  and  precise 
compilation  of  data  ate  available’.  More  recently,  the  Elastic  Re¬ 
coil  Detection  method  with  heavy  incident  ions  has  been 
introduced’,  but  until  now  this  technique  suffers  from  a  lack  of 
precision  in  the  stopping  power  data.  We  have  measured  energy 
losses  of  C,  Al,  Cu,  Ti,  I,  Ag  and  Au  ions  in  various  absorbers 
of  C,  Al,  Cu,  Ag,  Ta  and  Au  in  the  region  of  the  stopping  pow, 
maximum  by  using  secondary  ions  produced  by  primary  incident 
beams  of  '”l  i240  KeV)  and  ”’Au  (200  MeV) .  The  data  are  of  ptatl- 
cal  interest  as  they  correspond  to  the  maximum  depth  resolution. 
From  a  theoretical  point  of  view,  calculations  assume  the  energy 
loss  of  fast  projectiles  to  be  proportional  to  where  E,  is 

the  charge  and  the  stopping  function.  We  have  diseves.  diffe¬ 
rent  corrections  due  to  the  effective  charge  and  to  Che  high 
order  Barkas  and  Bloch  terms  and  compared  them  with  Che  experi¬ 
mental  data. 


1  Tl,«  stopping  and  Range,  of  Ion,  in  Kattar  -  Vol.  3  and  a  -  Organized  by 
J.r.  tiegier,  Pergamon  Rzess,  1917,  1980. 

2.  J.  L'Ecuyar  *t  al  ,  J.  Xppl.  Phya.  47  (1970  381. 


PA  83  Dependence  of  Knock-on  Collision  Electron 
Emission  on  the  Orientation  of  Swift  Diclusters 
in  Solids.*  J.M.  PITARKE,  Fisika  Teorikoa  Saila. 
Euskal  Herriko  Univertsitatea.  Spain  and  P.M. 
ECHENIQUE,  Materialen  Fisika  Saila.  Euskal 
Herriko  Univertsitatea.  Spain,  and  R.H.  RITCHIE, 

Oak  Ridge  National  I,aboratorv. - Calculations  of 

the  cluster-orientation  dependence  of  the  emitted 
knock-on  collision  electron  distributions  when 
fast  diclusters  interact  with  the  condensed 
matter  are  presented.  The  scattering  by  each 
centre  of  the  dicluster  is  described  by  means  of 
the  phase  shifts  of  a  velocity  dependent  Yukawa 
potential  describing  the  dynamic  screening,  and 
the  interference  effects  are  approximated  within 
the  second  Born  approximation.  The  applicability 
of  this  approximation  as  the  charges  and 
velocities  of  the  diclusters  are  changed  is  also 
discussed. 


*  Research  sponsored  by  the  Eusko  Jaurlaritza  and 
by  the  office  of  Health  and  Environmental 
Research,  U.S.  Department  of  Energy,  under 
contract  DE-AC05-840R21400  with  Martin  Marietta 
Energy  Systems,  Inc. 


PA  84  Multiple  Scattering  Effects  on  Electron 
Emission  by  Swift  Diclusters  in  Solids.*  j,m. 
PITARKE,  Fisika  Teorikoa  Saila.  Euskal  Herriko 
Ito^ertsitatea ,  Spain  and  P.M.  ECHENIQUE, 
utvCrASAOri  "isika  Saila.  Euskal  Herriko 

Univertsitatea,  Spain. -  Multiple  scattering 

effects  on  the  cluster-orientation  dependence  of 
the  knock-on  collision  electrons  emitted  when 
fast  diclusters  penetrate  the  condensed  matter 
are  studied  using  methods  developed  in  the  Theory 
of  Low  Energy  Electron  Diffraction  (LEED) .  The 
dynamic  screening  of  the  Coulomb  potential  is 
described  by  means  of  a  Yukawa  potential  with  an 
electron-density  and  velocity  dependence  of  the 
screening  parameter.  Numerical  comparisons  of 
our  results  with  experiment  are. made. 


PA  86  Far  uv  Spectroscopy  of  Highly  Ionized  Argon 
Using  Complementary  Techniejues. 

E.  KNYSTAUTAS,  Department  de  Physique,  Universite 
Laval,  Quebec,  Canada. 

See  Session  Number:  HE  3 


PA 87  Electron-Atom  Collisions  in  a  Laser  Field. 
P.H.G.  SMITH,  Georgia  Institute  of  Technology, 
Atlanta,  GA. 

See  Session  Number:  JA  6 


PA  88  Potential  Applications  of  a  New  Microwave 
ECR  Multicusp  Plasma  Ion  Source. 

C.C.  TSAI,  oak  Ridge  National  Laboratory,  Oak 
Ridge,  TN. 

Sec  Session  Number:  FF  1 


PA  89  Molecular  Orientation  Dependence  for 
Projectile  -  Collisions. 

R.L.  EZELL,  Augusta  College,  Augusta,  Georgia. 


See  Session  Number:  DE  5 


PA  90  Electronic  Stopping-Power  Calculations  for 
Heavy  Ions  in  Semiconductors. 

S.G.  ELKOMOSS,  Centre  de  Recherches  Nucleaires, 
Strasbourg,  France. 


See  Session  Number:  DE  7 


PA  91  Transitions  in  Highly  Charged  Ions  of  Heavy 
Atoms. 

D.D.  DIETRICH,  Lawrence  Livermore  National 
Laboratory,  Livermore,  England. 


*  Research  sponsored  by  the  Eusko  Jaurlaritza.  See  Session  Number:  JD  1 
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SESSION  DA:  RADIOACTIVE  BEAM  EXPERIMENTS  I 

Tuesday  morning,  6  November  1990;  Union  Building,  Room  410  at  9:00;  W.  S.  Rodney,  Georgetown  University,  presiding 

DAI  General  Introduction  to  the  Radioactive  Beams.  C.  ROLFS,  Westjahsche  tVilhelms  Vnwersitat,  West  Germany.  (IS  min.) 

DA  2  RIB  and  Studies  of  the  Early  Universe.  R.  MALANEY,  Lawrence  Livermore  Nalianal  Laboratory.  (IS  min.) 

DA  3  Primordial  Nucleosynthesis  and  Radioactive  Beam.  T.  KAJINO,  Tokyo  Metropolitan  University,  Japan.  (20  min.) 

DA  4  Neutron  Capture  Cross  Sections  of  Liglit  Nuclei  in  Primordial  NucIeosynthe.sis. 

Y.  NAGAI,  Tokyo  Institute  of  Technology,  Japan.  (IS  min.) 

The  baryonic  density  fluctuations  caused  by  the  phase  transition  from  the  quark-gluon  plasma  to  the  hadronic 
phase  will  form  high  dennity  proton-rich  and  low  density  neutron  rich  regions.^  In  the  latter  regions  a  pri¬ 
mordial  r-process  will  produce  heavy  elements (A>12) Consequently  it  is  imx>ortant  to  measure  neutron  capture 
cross  sections  of  light  elements  for  the  quantitative  discussion  on  the  production  rate  of  heavy  elements. 

The  measurement  was  carried  out  by  using  pulsed  neutrons  with  the  energy  of  30  keV  and  detecting  prompt  y-rays 
from  the  captured  state.  The  pulsed  neutrons  were  provided  by  the  3.2  HV  Pelletron  Accelerator  of  the  Research 
Laboratory  for  Nuclear  Reactor  at  the  Tokyo  Institute  of  Teciinology.  Captured  y-rays  were  detected  by  a  7.6 
cm^  X  15.2  cm  Hal(Tl)  detector,  surrounded  by  an  annular  Nal(Tl)  detector  with  the  size  of  25.4  cm^  x  28.0  cm. 
The  absolute  capture  cross  section  of  light  nuclei  was  determined  by  comparing  the  prompt  y-ray  yield  with  that 
of  ^5^Au.  Capture  cross  sections  of  ^Li  and  vill  be  discussed. 

^J.H.  Applegate  and  C.  Hogan,  Phys.  Rev.  D31  (1985)  3037. 

^J.H.  Applegate,  C.  Hogan  and  R.J.  Schener,  Phys.  Rev.  D35  (1987)  1151. 

T.  Kajino,  G.J.  Mathews  and  G.M.  Fuller,  to  be  appeared  in  Astrophs.  J.  1990. 


DAS  Reaction  Rate  for 'Li(a,no)"B.  T.  PARADELLIS,  ATCSR  Demokrifor,  Greece.  (IS  min.) 


DA  6  Radioactive  Ion  Beams  and  Explosive  Nucleosynthesis.*  J.GPRRES.University  of  Notre  Dame.  (IS  min.) 

Nuclear  reaction  sequences  in  explosive  hydrogen  burning  are  determined  by  proton  capture 
reactions  on  proton  rich  nuclei  far  off  stability  (rp-process).  These  reactions  will  process  light 
mass  CNO  material,  produced  in  previous  stages  of  nucleosynthesis,  into  the  intermediate  mass 

Fe-Ni  region'-  Because  of  the  small  Q-values  for  (p,7)-reactions  on  nuclei  close  to  the  proton  drip 
line  (Q  ^  3  MeV),  the  stellar  reacdon  rates  will  be  in  most  cases  determined  by  1  or  2  resonances  as 
well  as  the  nonresonant  direct  capture  to  bound  states.  The  rates  for  strong  reactions  such  as 
l^NCp.y)*^  can  be  measured  directly,  if  high  intensity  (I  =  10*®/sec)  radioactive  ion  beams  are 
available.  For  considerably  weaker  reactions  an  indirect  determination  of  the  reaction  rates  will  be 
necessary.  While  reactions  with  stable  ion  beams  and  targets  allow  the  measurement  of  the 
excitation  ener^es  of  states  close  to  the  proton  threshold,  the.mcasurement  of  proton  spccuoscopic 

factors  necesdtates  the  use  of  radioactive  ion  beams.  As  an  example,  the  reaction  *5Nc(p,7)20Na  ^ 
will  be  discussed  and  depending  on  the  available  '^Ne  beam  intensity,  several  experimental 
approaches  to  determine  the  reaction  rate  will  be  discussed. 

*  Supported  by  the  National  Science  Foundation 
'  R.K.  Wallace,  S£.  Woosley,  Ap.J.  Supp.  45  (1981)  389 
2  L.O.  Lamm  et  al.,  Nucl.  Phys.  A510  (1990)  503 


DA  7  Status  Report  on  RIP  Project  in  Louvain-Ia-Ncuve,  Belgium.*  W.  GALSTER,  Catholic  University  of  Louvain,  Belgium.  (IS  mm.) 

At  present  two  cyclotrons  are  used  to  produce  and  accelerate  radioactive  ion  beams  (RIB).  In  the  Hrst  step 
the  primary  (p,n)  reaction  delivers  the  radioactive  species,  which  is  extracted  from  the  target  in  gaseous 
form.  Ionization  takes  place  in  an  Electron  Cyclotron  Resonance  source  (ECR)  and  the  positive  ions  are 
injected  into  and  accelerated  by  a  second  cyclotron.  The  two  cyclotron  concept  has  provided  first 
encouraging  results,  0.7  MeVAt  beams  of  1.5  *  10^  particles  per  second  are  now  available  on  target. 
These  intensities  can  be  enhmed  by.  at  least  one  order  of  magnitude  through  various  improvements. 
Particular  attention  is  paid  to  the  problem  of  purifying  the  RIB  from  isobaric  contaminants.  Firs' 
experiments  will  be  dedicated  to  the  study  of  nuclear  reactions  of  astrophysica!  interest.  Futmt) 
developments  will  be  discussed. 

*  In  coBaboiatioo  with  D.  Darquennes,  P.  Decrock,  Th.  Delbar,  M.  Huyse,  Y.  Jongen,  M.  Lacr<^,  P.  Lelenx, 

I.  Licot,  E.  Lidnard,  P.  Lipiik,  M.  Loiselet,  G.  Ryckewaert,  Sindano  Wa  Kitwanga,  P.  Van  Duppen, 

J.  Vaahorenbeeck,  J.  Vervier  and  S.  T^aremba. 


DA  8  Production  and  Use  of  ^He,  ^Bc,  *L1,  and  Mctaslable  Nuclear  Beams.* 

F.  D.  BECCHETTI,  University  of  Michigan,  Ann  Arbor.  (15  min.) 

A  vsdety  of  energy -resolved  short-lived  radioactive  nuclear  beams  (RNB),  E  —  8  to  60  MeV,  have  been  develop-.,, 
at  the  University  of  Michigan  -  University  of  Notre  Dame  RNB  facility*  *  and  used  in  nuclear  reaction  studic.. 
Recent  improvements  in  the  accelerator,  negative  ion  source,  RNB  production  targets  and  RNB  ion  optics  have 
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resulted  in  substantial  increases  in  the  intensitj  (to  lO’/s),  purity,  and  energy  (E>20  MeV)  of  the  secondary 
RNBs.  This  has  pemiittcd  observation  and  measurements  of  RXB  induced  one  and  two-nucleon  transfers,  RNB 
projectile  excitation  and  RNB  clastic  scattering.  An  effective  method  of  producing  usable  quantities  (>  10*/s)  of 
excited,  isomeric  nuclear  beams,  such  as  **F'”  (J'  =  S'*",  =  1.1  MeV)  has  also  been  developed.* 

‘Supported  in  part  by  the  National  Science  Foundation. 

‘R.L.  Stern  et  al.,  Rev.  Sci.  Instr.  58, 16S2  (1987). 

*J.J.  Kolata  el  al,  Nucl.  Instrum.  Meth.  B40/41, 503  (1989). 

*F.D.  Becchetti  et  al,  Phys.  Rev.  CR  (in  press). 


DA  9  Possibilities  for  Radioactive  and  Isomeric  Beams  from  tbe  New  Generation  of  Recoil  Mass  Spectrometers. 

T.  M.  CORMIER,  Texas  A&M  University.  (15  min.) 

DA  10  Tbe  A1200  Mass  Separator.  B.iA.SHE,RKlLL,XauonalSupera>nduclingCyeloironLaboratory.  (ISmin.) 

At  the  Hational  Superconducting  Cyclotron  Laboratory  a  section  of  beasline,  called  the  A1200, 
has  been  constructed  between  the  K1300  cyclotron  and  the  transfer  beaxlines  to  the 
experinental  devices.  The  A120C  will  be  used  as  a  projectile  fragment  separator  for  malcing 
radioactive  beams  with  energies  between  30  and  200  MeV/nucleon.  The  fragments  are  formed  at 
a  production  target  at  the  start  of  the  A1200.  A  <5  degree  bend  is  used  to  select  those 
fragments  with  a  desired  naso-to-charge  ratio,  then  the  fragment  beam  can  be  purified  by 
inserting  a  piece  of  degrading  material  at  an  intermediate  image  and  .using  a  second  45  degree 
bend  to  remove  ions  which  did  not  have  the  correct  energy  loss  in  the  degrader.  Special 
profiles  of  the  degrader  can  be  used  to  minimize  the  final  image  size  or  to  reduce  the  energy 
spread  of  the  fragments,  using  the  techniques  developed  at  GSI  and  GAMIL(l) .  A  program  has 
been  written  to  evaluate  the  intensities  and  emittances  of  radioactive  beams  which  can  be 
produced  with  the  A1200.  The  initial  operating  results  will  be  compared  to  predictions  and 
rates  and  purities  will  be  presented,  along  with  some  details  of  the  separation  method  and 
the  ion-optical  design.  Experiments  which  are  planned  for  the  initial  operation  include 
decay  studies,  reaction  mechanism  studies,  elastic  scattering,  and  single  nucleon  transfer 
reactions  with  radioactive  ions. 

Construction  supported  by  the  Hational  Science  Foundation  Grant  PHy8215585. 

(1)  K.H.  Schmidt  et  al.,  Kucl.  Instr.  and  Methods  A260,  287  (1987). 


SESSION  DB;  ION  IMPLANTATION 

Tuesday  rooming,  6  November  1990;  Union  Building,  Room  412  at  9:00;  O.  W.  Holland,  Oak  Ridge  National  Laboratory,  presiding 

DB  1  Goals  and  Results  of  the  AVSCOM  Initiative  on  Ion  Implantation  cf  Engioeermg  Components. 

LEWIS  NERI,  A  KSCO.W  Depot  Engineering  and  Reliability  Centered  ifaintenanee  Office.  (20  min.) 

The  (t.S.  Army  Aviation  Sysceaa  Coesand  (AVSCOd)  is  caking  the  iniciscive  to  apply 
ion  inplancacion  as  an  environsencally  acceptable  process  to  improve  wear  life, 
corrosion  protection,  and  reliability  of  existing  aircraft  engineering 
cosponencs.  This  initiative  has  involved,  first,  thoroughly  assessing  Che  state 
of  Che  arc  of  ion  isplesencacion,  both  cocaercially  and  within  Che  Army.  Eased 
on  thic  assessment,  a  program  strategy  for  application  of  ion  implantation  is 
being  formulated.  Aircraft  parts  have  been  selected  for  trial  implantation  and 
test  protocols  have  been  developed  to  evaluate  implanted  parts.  Already  s  number 
of  excellent  cost  avoiding  applications  for  ion  implantation  at  Che  Army  aviation 
depot  at  Corpus  (2irisci  has  been  demonstrated  end  vorfc  is  uader  way  to  transfer 
this  manufacturing  technology  to  the  depot  shops.  This  paper  vrill  provide  an 
overview  of  the  goals  and  current  status  of  all  these  initiatives  by  AVSCOH's 
satellite  organization,  DERSO,  at  Corpus  Chrisci,  Texas. 


DB  2  Applications  of  Ion  Implantation  to  Maintenance  of  U.S.  Anny  Helicopters. 

ROBERT  J.  CULBERTSON,  US.  Army  Materials  and  Technology  Laboratory.  (20  minJ 

The  maintenance  and  lepzt  of  helicopters  involves  lewock  of  a  wide  range  of  high  peifonnance  maieiials.  Con^xxxai 
wear  and  coirosicn  are  die  piimaiy  caxxms  in  helicopter  maimenanoe,  and  ttpm  and/or  replacemem  costs  are 
substantial.  Furthermore,  toohr.g  reqmiements  are  extremely  severe  due  to  the  necesrity  of  woridng  with  hardened  exotic 
nviieriaK  Over  the  nau  .seveial  decades  ion  implaniadon  has  shown  to  be  a  beneficial  nuface  modifkadofl  tedinique  for 
improving  conorton  and  wear  resistance  of  bearing  and  tool  tBaienals.  However,  wide  acceptance  of  ion  implant^on  for 
th^  appUcadons  has  been  slow.  The  U.S.  Army  is  presently  taking  aggressive  stq>s  to  wants  the  demonstiation  of  ion 
implantation  as  a  viable  soluuon  to  some  of  the  problems  encountered  m  tmlicopier  maintenance.  Results  from  a 
coUaboration  of  the  Materials  Technology  Laboraioiy,  Aviation  Systems  Command  Dqx>t  Enpnecring  and  Rdialrility 
Centered  Maintenance  Support  Oflice,  ^  Corpus  CTiristi  Aimy  Dqxit  in  the  areas  of  ion  in^antarion  of  bodi  mach^ 
tools  and  helicopter  continents  as  w^  as  the  supporting  technolo^  wili  be  reviewed. 

DB  3  Ion  Beam  Processing  of  Meta)  Surfaces  for  Improved  Corrosiou  Resistance.’ 

E.  McCAFFFRTY,’  Saral  Research  Laboratory.  (20  min.) 

Various  ton  beam  techniques  are  being  employed  at  the  Naval  Research  Laboratory  as  methods 
of  modifying  the  surfaces  of  metals  to  improve  their  corrosion  resistance.  These  techniques 
include  ion  implantation,  ion  beam  mixing,  and  ion  beam  assisted  deposition  of  coab'ngs.  The 
advantages  of  each  of  Uiese  methods  will  be  discussed,  as  well  as  the  corrosion  behavior  cf 
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various  systems  produced  by  these  three  techniques.  Examples  will  include  the  corrosion 
behavior  in  acid  solutions  of  ion  implanted  and  ion  beam  mixed  palladium  into  titanium, 
improvements  in  the  pitting  resistance  of  aluminum  by  ion  implantation,  and  the  corrosion 
behavior  of  various  ion  beam  assisted  deposited  coatings.  Where  appropriate,  the  corrosion 
behavior  will  be  interpreted  in  terms  of  a  fundamental  electrochemical  approach,  e.  g.,  the 
pitting  behavior  of  aluminum  will  be  explained  in  terms  of  the  recently  developed  pH  of  zero 
charge  model  of  pitting. 

"I  Supported  by  the  Office  of  Naval  Research. 

2  With  P.  M.  Natishan  and  G.  K.  Hubler. 


DB  4  Plamsa  Imr.icrslon  Ion  Implantation  for  Semiconductor  Processing.  N.  W.  CHEUNG,  University  of  California,  Berkeley.  (20  min.) 

'r«in9  an  cilectrop  cyclotron  resonance  (ECU)  discharge  for  high  Ion  density  generation 
>tnd  by  immersing  <t  negatively  biased  target  in  the  ECR  plasma,  the  implantation  dose 
raV'j  can  be  increased  by  factors  of  hundreds  over  conventional  ion  Implanters,  With 
the  high  current  capability  of  Plasma  immersion  ion  implantation  (Pill) ,  the  throughput 
of  integrated  circu.it  implantation  steps  can  be  substantially  Increased.  The 
implantation  depth  profiles  of  Pill  can  be  controlled  by  the  substrate  bias,  gas 
pressure,  and  the  duty  cycle  and  frequency  of  the  applied  voltage  pulses.  Furthermore, 
the  plasma  constituents  of  Pill  can  be  controlled  independently  by  the  ECR  source  to 
change  the  abundance  of  different  ionic  species.  The  Pill  technique  can  also  perform 
both  ion  implantation  and  thin-film  deposition  simultaneously,  using  a  trlode 
configuration,  vhich  is  sell-suited  for  ion  beam  modification  of  solid  surfaces.  We 
have  used  Pill  to  demonstrate  new  VLSI  processing  technologies  for  sub-lOOnm  pn 
junction  formation  ,  conformal  doping  of  high  aspect-ratio  trenches^  gettering  of 
metallic  impurities  in  Si2,  and  selective  seeding  for  electroless  plating  of  copper 
interconnects'.  Perfomance  of  engineering  Pill  reactor  capable  of  processing  10- 
inch  diameter  wafers  will  be  described^. 

IN.W.  Cheung  (in  press).  Presented  at  the  VIII  International  Conference  on  Ion 
Implantation  Technology,  Surrey,  1990. 

2 Olan  et  al  (in  press).  Proceedings  of  the  176th  Electrochemical  Society  Meetings, 

Fort  L  •  .erdala,  1989. 

3  Olan  et  al  (in  press) ,  Presented  at  the  VIII  International  Conference  on  Ion 
Implantation  Technology,  Surrey,  1990. 


DO  5  Thin  Film  Growth  Using  Low-Energy  Ions:  Low-Temperature  Kinetics  for  Epitaxy  and  Chemical  Reactions.* 

N.  HERBOTS,  Massachusers  Institute  of  Technology.  (20  min.) 

Low  energy  (<  1  keV)  ions  are  presently  used  in  a  variety  of  thin  film  growth  techniques.  These  techniques  range  from  ion 
beam  deposition  (IBD)  where  the  films  are  directly  grown  from  an  ion  beam  to  lor.  Assisted  Deposition  (lAD)  where  ionized 
species  contribute  to  the  growth  process  in  combination  with  other  particle  beanrm  or  enhance  growth  without  being  directly 
Incorporated  to  the  mate^  being  deposited.  Two  important  effects  of  low  energy  ion  bombariment  are  the  athermal 
enhancement  of  atomic  mobility  and  the  subsequent  modificuion  of  growth  kinetics  this  creates.  Both  can  lead  to  a 
significant  lowering  of  the  temperature  necessary  to  induce  specific  processes  such  as  epitaxial  grot^  and  chemical 
reactions.  We  will  review  (he  present  understanding  of  the  atomistic  mechanisms  by  which  the  temperature  is  lowered  for 
semiconductor  epitaxial  growth  and  oxidation  and  how  it  can  be  applied  to  select  deposition  conditions  for  both  IBD  and 
lAD.  We  will  also  discuss  our  most  recent  results  on  room  temperature  Ion  Beam  Oxidation  (IBO)  of  GaAs  and 
demonstrate  how  the  low  temperature  processing  conditions  enabled  by  (he  use  of  low  energy  ion  beams  render  possible  not 
only  unique  growth  cemditions  but  the  formation  of  metastable  phases  that  cannot  be  grown  by  purely  thermal  means. 


*  Supported  by  the  IBM  gra.-'.t  to  MIT,  the  Carl  Sodetberg  Professorship,  and  the  Physical  Electronics  Division  of  Perkin-Elmer. 

DB  6  An  Investigation  of  Ion  Implantation  Damage  in  Silicon  Using  Wafer  Curvature  Measurements. 

C.  A.  VOLKERT,  AT&T  Bell  Laboratories,  Murray  Hill.  (20  min.) 

The  damage  produced  by  MeV  ion  implantation  in  silicon  has  been  studied  using  wafer  curvature  measurements. 
These  measurements  are  extremely  sensitive  to  changes  in  the  volume  of  the  bombarded  region,  as  well  as  to 
plastic  fl'  w  in  response  to  the  stress  imposed  by  the  substrate,  and  are  therefore  ideally  suited  for  investigating 
damage  creation,  motion  and  annihilation.  Results  will  be  presented  from  two  sets  of  experiments.  The  first  set 
measures  the  stresses  created  during  amorphization  of  silicon  by  ion  bombardment,  in  which  plastic  flow  of 
amorphous  silicon  is  observed  while  the  ion  b^am  is  on.  The  second  set  of  experiments  involves  a  careful  study 
of  low  dose  damage  in  both  crystalline  and  previously  amoiphized  silicon.  Values  are  obtained  for  the  damage 
cascade  diameter,  density  of  the  damaged  regions,  and  the  activation  energy  for  damage  annihilation.  Distinct 
annealing  regimes  were  observed  during  heating  both  the  amorphous  and  crystalline  silicon  after  implantation. 
The  nature  of  the  damage  is  discussed  and  compared  for  these  two  phases  of  silicon. 

Collaboration  with  K.  Allen  and  D.  C.  Jacobson  is  gratefully  acknowledged. 

DB  7  Defects  in  MeV  Ion-Implanted  Si  Probed  by  Positrons. 

B.  NIELSEN,  Associated  Universities,  Incorporated,  Brookhaven  national  Laboratory.  (20  min.) 
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SESSION  DC:  PHOTON-ION  INTERACTION  USING  FAST  BEAMS 

Tuesday  morning,  6  November  1990j  Physics  Buiiding,  Room  102  at  9:00;  D.  J.  Pegg,  University  of  Tennessee,  presiding 


DC  1  Study  of  Correlations  with  Ions  (Theory).*  A.  R.  P.  RAU,  Louisiana  Stale  University,  Baton  Rouge.  (20  min.) 

This  talk  will  be  primarily  on  two-electron  states  of  the  negative  ions,  H*  and  He.  Both  doubly  excited  states,  particularly 
at  high  excitation,  and  two-electron  continuum  states  just  above  threshold  are  dominated  by  the  correlations  between  the 
two  electrons.  The  structure  of  these  states,  and  the  attendant  implications  for  their  excitation  and  decay,  will  be 
discussed.  Similar  states  have  also  been  observed,  although  less  extensively,  in  positively-charged  ions  like  and  N^'*' 
through  ion-atom  collisions.  They  shed  light  on  the  way  correlations  scale  with  the  nuclear  charge.  The  primary 
conclusion  from  all  these  studies  is  that  to  understand  highly  correlated  states,  it  is  best  to  view  the  (core  +  e  +  e)  system 
as  one  whole,  rather  than  split  the  pair  of  electrons  according  to  any  independent  particle  scheme. 

^Supported  by  the  National  Science  Foundation. 


DC  2  Photodetachment  of  the  H“  Ion.*  C.  R.  QUICK,  JK.,  Los  Alamos  National  Laboratory.**  (20  min.) 

Recent  results  concerning  electron  detachiaent  from  the  H-  ion  induced  via  1)  infrared 
nultiphoton  absoirption  near  the  one-electron  detachment  threshold  (0.754  eV),  and  2) 
single  photon  uv  excitation  of  two-electron  excited  state  resonances  are  oresented  and 
discussed.  An  H-  beam  moving  at  a  relativistic  velocity  (2.5  x  10^^  ca/sec)  was 
intersected  with  the  focused  output  from  a  pulsed,  linearly  polarized,  COj  TEA  laser 
with  peak  intensities  on  the  order  of  a  few  GW/cm^  to  examine  the  multiphoton 
absorption  process.  The  fourth  harmonic  (266  nm)  of  Nd:yAG  laser  was  used  to  excite 
the  doubly-excited  state  resonances  in  H'.  The  Doppler  effect  was  used  to  carry  out 
a  systematic  variation  of  the  center-of-mass  (CM)  photon  energy,  over  a  wide  range  by 
simply  adjusting  the  angle  between  the  ion  and  laser  beams.  In  the  multiphoton 
absorption  work,  electron  detachment  was  observed  at  photon  energies  where  as  few  as 
2  and  as  many  as  8  photons  are  required  to  get  above  the  1-electron  detachment 
threshold  (EDT)  of  H-.  Electron  yield  vs.  photon  energy  plots  exhibit  structure  that 
is  laser  intensity  dependent.  Electron  yield  vs.  laser  pulse  energy  data  was  obtained 
at  a  few  se''ected  CM  wavelengths  and  laser  pulse  energies.  In  the  single-photon  uv 
laser  work,  numerous  resonances  within  the  H'  continuum  corresponding  to  two-electron 
excitation  processes  were  observed.  The  doubly-excited  resonances  appear  to  be  of  the 
Feshbach  type.  A  simple,  semi-empirical  recursion  formula  predicts  the  resonance 
energy  levels,  some  practical  accelerator  applications  of  this  work  will  also  be 
discussed. 

‘Research  carried  ut  at  the  Los  Alamos  Meson  Physics  Facility  (LAMPF)  under  the 
auspices  of  the  US  DOE,  supported  in  part  by  the  Office  of  Basic  Energy  Sciences. 
“This  work  was  carried  out  in  collaboration  with;  H.C.  Bryant,  C.X.  Tang,  P.G. 
Harris,  A.H.  Mohagheghi,  R.A.  Reeder,  H.  Tootoonchi  (U.  New  Mexico) ,  S.  Cohen,  J.B. 
Donahue  (Los  Alamos  National  Laboratory),  W.W.  Smith  (U.  Connecticut),  J.E.  Stewart 
(Western  Washington  U.),  H.  Sharifian  (California  State  U.). 


DC  3  Photodetachment  of  Metastable  Hc~.*  J.  S.  THOMPSON,^  The  University  of  Tennessee,  Knoxville.  (20  min.) 

A  crossed-beams  apparatus  has  been  used  to  measure  angular  distributions  and  cross  sections  for  photodetaching 
electrons  from  metastable  He".  Cross  sections  for  photodetaching  He "(2*?)  via  the  He(2’P)  and  He(2’S)  exit  channels 
were  determined.  The  precision  of  the  cross  section  measurements  was  enhanced  by  exploiting  the  kinematic  effects 
associated  with  detachment  from  a  fast  beam  source.  Radiative  attachment  cross  sections  are  derived  from  the 
photodetachment  results  using  the  principle  of  detailed  balance. 

*This  work  was  performed  in  collaboration  with  D.  J.  Pegg,  J.  Dellwo,  G.  D.  Alton,  and  R.  N.  Compton  at  the  Univ.  of 
Tennessee  and  Oak  Ridge  National  Laboratory.  Research  supported  by  the  Office  of  Basic  Energy  Sciences,  Division 
of  Chemical  Sciences,  U.S.  DOE,  under  Contract  No.  DE-AC05-840R21400  with  Martin  Marietta  Energy  Systems,  Inc. 
T’resent  address:  JIIA,  Univ.  of  Colorado  and  NIST,  Boulder,  CO  80309. 


DC  4  High-Resolution  Photodissociation  Spectroscopy  of  Doubly  Charged  Positive  Ions.* 

W.  C.  LINEBERGER,  University  of  Colorado  and  JILA,  Boulder.  (20  min.) 

Doubly  charged  molecular  positive  ions  arc  examined  by  a  new  high-resoI.,tion  spectroscopic  technique.  The  spectra  yield  information 
about  the  electronic  structure,  chemical  bonding  and  geometry  of  the  doubly  charged  molecular  ions.  Little  spectroscopic  data  is 
available  for  these  compounds  because  of  the  difficulty  of  performing  such  an  experiment  on  veiy  unstable  molecular  species.  The 
doubly  charged  positive  ions  are  formed  by  electron  impact  of  the  neutral  precursor,  mass  selected  and  coaxially  merged  with  a  laser 
beam  The  positive  ions  are  electronically  excited  and  photodissociated  by  either  a  visible  (dye)  or  infra-red  (titanium  sapphire) 
tunable  single-mode  laser  Structural  and  potential  energy  curve  information  about  the  ground  and  excited  electronic  states  arc 
obtained  from  the  photofragmentation  spectrum.  Additionally,  the  dynamics  of  the  photodissociation  can  be  elucidated  by  analyzing 
of  the  spectral  linewidths  of  the  individual  rotational  lines.  Results  on  Nj**  and  NO**  will  be  presented. 

•  Work  supported  in  part  by  AFOSR  High  Energy  Density  Materials  Program. 


DCS  Fhotodetachment  of  Molecular  Negative  Ions.  C.'N.  Vi  ALTER,  SRI  International.  (20  min.) 
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DC  6  Laser  Measurements  of  QED  Effects  in  Heliumlike  Boron.*  T.  P.  DINNEEN,'^  Argonne  National  Laboratory.  (20  min.) 

We  have  measured  the  wavelengths  of  the  ls28  -  ls2p  transitions  at  282  nm  using  laser 
Induced  fluorescence.  These  measurements  are  compared  with  the  latest  calculations  which 
Include  electron  correlation,  relativistic  and  QED  corrections.  Ions  In. the  ls28  metastable 
state  were  extracted  and  accelerated  from  the  ECR  Ion  source  Injector  of  the  Argonne  ATLAS 
accelerator.  The  30  keV  beam  was  overlapped  collinearly  with  the  frequency  doubled 
output  of  a  Coherent  699  ring  dye  laser.  The  parallel  and  antiparallel  laser  measurements 
eliminated  the  Doppler  shift  from  the  results.  The  absolute  wavelengths  were  measured 
relative  to  a  standard  Iodine  absorption  cell  using  the  fundamental  of  the  laser  at  564  nm. 

A  comparison  of  the  fine  structure  measurements  with  calculations  of  Drake^  show  significant 
discrepancies  which  are  attributed  to  uncalculated  relativistic  terms  of  order  a^Z'^. 


*Work  supported  by  the  U.S.  Department  of  Energy.  Office  of  Basic  Energy  Sciences,  under 
contract  W-31-109-ENG-38.. 

'^ork  done  In  collaboration  with  N.  Berrah  Mansour,  H.  G.  Berry,  and  L.  Young. 

1g.  W.  F.  Drake,  Can.  J.  Phys.  66,  586  (1988). 


DC  7  Inner-Shell  Photoionization  Studies  Using  Ion  Beams  and  Synchrotron  Radiation.* 

BRANT  M.  JOHNSON,^  Brookhaven  National  Laboratory.  (20  min.) 

The  inner-shell  photoionization  of  ions  is  of  both  fundamental  and  applied  interest.  Theoretical 
studies  have  been  in  progress  for  years,  but  until  recently,  there  were  no  experimental  measurements. 
Applications  abound  in  astrophysics  and  laboratory-plasma  research,  but  many  basic  theoretical 
predictions  remain  untested.  There  are  many  open  questions.  For  example,  ate  total  photoabsorption 
cross  sections  affected  by  the  removal  of  a  few  outer-shell  electrons;  will  additional  Cooper  minima 
be  observed  along  isonudehr  sequences  as  outer-shell  electrons  ate  removed;  and  can  measurements  of 
vacancy  cascades  following  inner-shell  electron  removal  be  understood  through  theoretical  modeling? 
While  photodetachme'nt,  outer-shell  photoionization,  and  multiphoton  ionization  can  be  studied 
with  lasers,  the  removal  of  tightly-bound  inner-shell  electrons  through  single  photon-ion  interactions 
requires  the  use  of  hard  x  rays  from  facilties  such  as  the  x-ray  ting  of  the  National  Synchrotron  Light 
Source  (NSLS).  Recent  experimental  results  from  NSLS  beam  line  X26C  and  future  plans  to  further 
investigate  the  inner-shell  photionization  of  ions  will  be  presented. 

‘Research  supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Sciences, 

US  Department  of  Energy  under  Contract  No.  DE!-AC02-76CH00016. 

*In  collaboration  with  K.  W.  Jones,  M.  Meron,  M.  Franklin,  and  R.  Hedeman 


DC  8  Photodetachment  from  Negative  Ions  in  Strong  Eiectromagneiic  Fields.*  D.  J.  LARSON,  University  of  Virginia.  (20  mm.) 

Photodetachment  from  negative  ions  near  the  single  photon  threshold  has  been  studied  in  the  presence 
of  strong  infrared  and  microwave  fields.  In  the  experiments  using  Infrared  fields  an  infrared  beam 
of  up  to  10^'  W/cm*  overlaps  a  tunable  ultraviolet  probe  beam  in  a  Penning  lOn  trap  containing  Cl” 
ions.  The  experiments  have  been  done  at  two  wavelengths,  1,06  pm  and  1.91  pm.  The  data  are  fitted 
to  a  model  which  includes  a  threshold  shift  and  two-color,  two-photon  detachment.  In  the  experiments 
using  microwave  fields,  photodetachment  from  Cl  and  S  was  studied  using  ion  beams.  Detachment  in 
a  2,6  GHz  field  with  strengths  of  up  to  3  KV/cm  was  measured  using  time-of-flight  spectroscopy  of  the 
resulting  neutrals.  Below  threshold  detachment  and  oscillations  on  the  cross  section  above  threshold 
were  observed,  consistent  with  detachment  in  a  static  electric  field.  The  experiments  raise  interesting 
questions  about  detachment  or  ionization  in  oscillating  fields. 

*Supported  in  part  by  the  National  Science  Foundation. 


SESSION  DD:  POSITRON  BEAM  EXPERIMENTS  AND  FACILITIES  I 
Tuesday  morning,  6  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  9:00; 

L.  D,  Hulett,  Oak  Ridge  National  laboratory,  presiding 

DD  1  Future  Prospects  ofLinacs  in  Positron  Microanalysis.*  K.V.  CNtiTEK,  Brandeis  University.  (20  min.) 

Ov  *  the  past  40  years,  poeitron  annihilation  spectroscopy  (PAS)  has  evolved  into  a  powerful  probe  of  the  electronic 
and  defect  structure  of  solids.  With  the  advent  of  slow  positron  beams  over  the  last  twenty  years,  PAS  can  also 
now  be  precisely  targeted  to  study  interfaces,  surface  and  near-surface  regions  of  a  large  range  of  systems.*  The 
recent  application  of  brightness  enhancement*  to  positron  beams  enables  one  to  efficiently  focus  positrons  down 
to  a  few  microns*  smd  promises  to  make  submicron  resolution  PAS  studies  a  practical  reality  in  the  near  future. 
Linacs  have  been  used  successfully  to  produce  high  fluxes  of  positrons  but  with  insufficient  brightness  for  purposes 
of  micrormalysis.  This  talk  will  deal  with  the  benefits  to  be  gained  in  using  linac-produced  positron  beams  for 
poeitron  microanalysis  as  well  as  some  of  the  considerations  necessary  to  incorporate  the  positron  microbeam 
technology  with  the  linac. 

♦Work  supported  in  part  by  NSF  Grant  DMR-8820345. 

*P.J.  Schultz  and  K.G.  Lynn,  Rev.  Mod.  Phys.  SQ,  701  (1988). 

*A.P.  Mills,  Jr.,  Appl.  Phys.  22, 189  (1980). 

®G.R.  Brandes,  K.F.  Canter,  T.N.  Horsky,  P.H.  Lippel,  and  A.P.  Mills,  Jr.,  Rev.  Sci.  Instnim.  £2,  228  (1988). 
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DD  2  Search  for  Resonances  in  Electron-Positron  Scattering  Using  a  Cold  Positron  Gas  Target. 

T.  E.  COWAN,*  Lawrence  Livermore  National  Laboratory.  (20  min.) 

The  recently  discovered  correlated  positron-electron  peaks^  emitted  from  superheavy 
nuclear  collisions  may  be  signatures  for  previously  undetected  neutral  particle-like 
objects  having  masses  of  1-2  MeV/c*.  We  have  designed  an  experiment  to  definitively  teet 
this  hypothesis  by  searching  for  resonant  states  formed  directly  in  the  scattering  of 
monoenergetic  electrons  incident  on  a  gas  of  cold  positrons  confined  in  a  Malnberg- 
type  Penning  trap.  This  technique  will  provide  an  improvement  in  sensitivity  for 
detecting  new  neutral  particle-like  objects  of  two  orders  of  magnitude  over  that  of 
present  positron-beam,  thin-foil  scattering  experiments^,  which  are  fundamentally 
limited  by  the  momentum  of  the  atomic  electrons.  Combined  with  a  recoil-shadow 
technique,  this  experiment  will  explore  the  entire  four  decade  range  in  possible 
neutral  particles  lifetimes  (I0'’^s  to  10‘’s)  which  cannot  bo  probed  by  other  methods. 

Work  performed  under  the  auspices  of  the  U.S.  Dept,  of  Energy  by  the  Lawrence  Livermore 
National  Laboratory  under  contract  number  W-7405-EHG-48. 

’t.  Cowan  etal.,  Phys.  Rev.  Lett.  56  (1986)  444;  and  T.E.  Cowan  and  J.S.  Greenburg, 
Physics  of  Strong  Fields  (Plenum,  New  York,  1987),  p.  111. 

^K.  Maier  etal.,  Z.  Phys.  A  330  (1988)  173;  H.  Tsertos  etal.,  Phys.  Lett.  B  207  (1988) 
273. 

^R.H.  Howell  etal.,  NIM  BlO/11.  373  (1985) 

*In  Collaboration  with  R.H.  Howell,  and  R.  Rohatgi,  Lawrence  Livermore  National 
Laboratory,  Livermore,  CA  and  J.  Fajans,  University  of  California  at  Berkeley, 
Berkeley,  CA. 


DD  3  Absolute  Differential  and/or  Total  Cross  Sections  for  the  Scattering  of  Positrons  from  Helium  and  Other  Noble  Gases.* 
L.  M.  DIANA,  The  University  of  Texas  at  Arlington.  (20  min.) 

We  have  ^en  using  our  3m  high  resolution  time-of-flight  spectrometer  to  measure  absolute  differential  and 
tot^  elastic  scattering  cross  sections  and  absolute  total  excitation  and  ionization  cross  sections  for  positrons 
incident  on  helium  at  energies  up  to  100  eV  and  our  23  m  speedometer  to  determine  absolute  total  ionization 
and  positronium  formation  cross  sections  for  positrons  collioing  with  helium  and  other  noble  gases  at  energies 
ranging  from  threshold  to  intermediate  values.  We  shall  present,  discuss,  and  compare  with  theory  some  of  our 
results  for  these  aoss  sections  and  for  the  energy  distributions  of  ionization  electrons.^ 

!  Supported  in  part  by  NSF  Grant  PHY-8506933. 

^It  IS  a  pleasure  to  acknowledge  the  major  contributions  of  R.  L  Chaplin,  D,  L  Brooks  and  P.  G.  Coleman  and 
the  energetic  efforts  of  our  many  student  collaborators. . 


DD  4  Experiments  in  Atomic  Interactions  Using  an  Intense  Positron  Beam. 

RICHARD  H.  HOWELL,  Lawrence  Livermore  National  Laboratory.  (20  min.) 

After  the  instillation  of  the  first  Intense  positron  1)^  at  the  100  HeV  electron  llnac  at 
Livermore  the  beam  was  used  bo  study  positron-surfaoe  interactions.  More  recently  a  series  of 
experiments  using  the  beam  to  study  the  properties  of  the  electcn-positron  bound  state,  positroniun, 
have  been  initiated.  The  results  of  measurements  of  the  epectrosoopy  of  hi^  n  states  of  positroniVM 
will  be  given  and  setae  potential  future  e^qseriments  will  be  descriloed.  Work  performsd  under  the 
au^ioes  of  the  U.S.  Department  of  Diergy  by  the  lawzence  Livermore  Natl.  lab^tory  under  contract 
N.  W-7405-EMG-48. 


DD5  Interface  Studies  Using  Positron.  K.G.ViiTii,Brookhaven  National  Laboratory.  (20  min.) 

DD  6  Design  of  an  Intense  Slow  Positron  Beam  Production  System  Using  a  100-kW  Electron  Linac  for  Positron  Factory. 

S.  OKADA,  Takasaki  Establishment,  Japan  Atomic  Energy  Research  Institute,  Japan.  (20  min.) 

The  JAERI  has  started  drafting  a  construction  plan  of  "Positron  Factory",  in  which  intense  energy- 
tunable  oonoenergetic  positron  beais  are  produced  by  a  high-power  electron  linac  and  are  used  for 
materials  characterization  and  basic  researches.  A  tentative  goal  of  the  slow  positron  bean  in¬ 
tensity  is  10*"  8  A  rough  and  conservative  estlnation  based  on  the  eaplrlcal  data  has  shown 
that  the  intensity  can  be  attained  with  a  linac  of  lOOkW  class  whose  bean  energy  is  around  lOOMeV. 
Wo  have  estimated  the  optiBal  coablnatlon  of  the  incident  electron  energy  and  the  geoaetry  of  the 
electron/positron  converter  and  the  positron  moderator  by  Monte  Carlo  calculations.  The  heat  re- 
Doval  system  of  the  converter,  the  shielding  and  the  confinement/ ventilation  of  the  activated  air 
have  been  also  investigated  in  relation  to  the  electron  bean  energy.  In  this  article  is  presented 
a  present  status  of  the  conceptual  design. 


DD  7  Positron  Annihilatioi.  for  Investigating  Crystal  Defects  and  the  Structure  of  Disordered  Media.* 

H.-E.  SCHAEFER,  University  of  Stuttgart,  Federal  Republic  of  Germany.  (20  min.) 

Recent  studies  of  defects  in  semiconductors  and  metal  oxides  will  be  overviewed  with  partiodar  reference  to  positron 
lifetime  measurements  at  hight  temperatures.  In  addition,  the  potentieJs  of  positron  annihilation  for  structural  inves- 
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Usttions  of  disordered  media,  e.g.  nanocrystalline  materials,  will  be  demonstrated.  Results  from  bea.A.  tiad  iion-beam 
experiments  will  be  presented. 

*Supported  by  the  Deutsche  Forsdmngsgemeinschaft. 


DD  8  A  TOF  Mass  Spectrometer  for  Studies  of  Positron^MoIecule  Interactions. 

L.  D.  HULETT,  Oak  Ridge  National  Laboratory.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PB'  43) 

Slow  positrons  captured  in  t  Peiming  trap  are  thermalized  with  a  cooling  gas  and  allowed  to  interact  with  large  molecules.  The 
Penning  trap  is  required  to  have  a  large  field-free  central  aonc  in  order  to  contain  the  positrons  and  ions  produced.  T?mc-o£-^ht 
spectrometry  is  the  more  practical  technique  for  studying  the  ions  pitxiuced,  but  the  large  region  from  which  the  ions  originate 
requites  that  the  spectrometer  resolution  be  insensitive  to  the  starting  position  of  the  ions.  A  spectrometer  has  been  designed  hi 
which  the  accelerating  potential  is  proportional  to  the  square  of  the  distance  from  the  detector.  The  equation  of  motion  for  tire 
ions  is  the  analogue  ^  that  for  the  mechanical  oscillator  moving  under  a  Hook’s  law  force; 

X  =  X„Cos(gt)  +  (v/g)Sin(gt) 

X  and  t  arc  the  disUnce  and  time  coordinates  of  the  ion  during  its  flight;  X,,  is  the  initial  distance  of  the  ion  from  the  detector,  and 
V  is  the  initial  velocity  at  the  time  of  its  creation;  g  is  proportional  to  the  reciprocal  of  the  period.  For  small  initial  velocities  the 
time  of  flight  to  the  detector  is  insensitive  to  X,.  Performance  of  the  spectrometer  will  be  discussed. 


SESSION  DE:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Tuesday  morning,  6  November  1990;  Physics  Building,  Room  104  at  9:00;  C.  A.  Quarles,  Texas  Christian  University,  presiding 

.  DE  1  Low-Energy  Positron  Scattering  from  Atomic  Hydrogen. 

A.  SCHWAB,  University  of  Bielefeld,  Federal  Republic  of  Germany.  (20  min.) 

Xhe  first  and,  so  far,  only  experimental  results  on  scattering  of  positrons  from  atomic  hydrogen  are 
reported.  Total  Ionization  cross  sections  as  a  function  of  energy  have  been  measured  at  the  University 
of  Bielefeld  (1)  with  a  positron  beam  from  a  weak  radioactive  source.  Due  to  the  low  beam  Intensity 
(  10^  e'*'/sec)  no  other  processes,  as  Posltronlum-formatlon  or  differential  elastic  scattering,  could 

yet  be  Investigated.  In  a  collaboraxlon  with  groups  of  the  Brookhaven  National  Laboratory  and  the  City 
College  of  New  York  these  measurements  will  now  be  done  using  the  high  Intensity  (up  to  109  e’*’/sec) 
positron  beam  at  BNL  (2),  the  concept  of  which  will  also  be  briefly  discussed. 

^present  address:  Brookhaven  National  Laboratory,  Department  of  Physics' 

(1)  G.  Spicher,  6.  Olsson,  W.  Raith,  G,  Slnapius,  and  H.  Sperber;Fhys.  Rev.  Lett.  64,9  (1990), 1019 

(2)  K.  Lynn,  M.  Weber,  L.O.  Roellig,  A.F.  Mills, Jr.,  and  A.R.  Moodenbaugh  In: 

Atomic  physics  with  positrons,  eds.:  J.W.  Humberston  and  E.A.G.  Armour;  NATO  ASI  series  B  Vol.  169 
(Physics),  161 


DE  2  First  Measurement  of  Hyperfine  Structure  by  Laser-rf  Double  Resonance  in  Nj+.* 

N.  BERRAH  MANSOUR,'^  Argonne  National  Laboratory.  (20  min.) 

The  ion-beam  laser-rf  double  resonance  technique  has  been  used  to  make  hlgh-preclslon 
measurements  in  the  X  (v'>l)  of  N2'''.  Laser  Induced  fluorescence  was  observed  from  a  25 
keV  Ion  beam  which  was  superimposed  with  the  output  of  an  actively  stabilized  ring  dye 
laser.  Direct  measurements  of  the  spin-rotation  and  hyperfine  splittings  in  the  X  (v*»l) 
electronic  ground  state  of  K2'*'  were  made.  This  technique  has  the  advantage  of  breaking  the 
cbrrelatlon  between  upper  and  lower  state  hfs  that  often  clouds  interpretation  of  even  very 
high  resolution  optical  spectroscopic  data.  The  magnetic  hyperfine  parameters  were 
determined  with  better  precision  than  earlier  results  using  only  optical  spectroscopy  and 
the  electrlc-quadrupole  hfs  parameter  eqQ  was  determined  for  the  first  time. 

*Work  supported  by  the  U.S.  Department  of  Energy,  Office  of  Basic  Energy  Sciences,  under 
contract  W-31-109-ENG-38. 

''Vork  done  In  collaboration  with  T.  P.  Dlnneen,  C.  Kurtz,  and  L.  Young. 


DE  3  Fhotoionization  of  Excited  Atoms  Using  Synchrotron  Radiation.* 

J.  J.  LEVENTHAL,'  University  of  Missouri,  St.  Louis.  (20  min.) 

Experimental  studies  of  photoionization  of  atoms  in  low-lying  excited  states  have  received  a  great  deal  of 
attention  in  recent  years.  Largely  ignored  however  have  been  experiments  in  which  the  energy 
dependence  of  the  photoionization  cross  section  near  threshold  is  acquired  for  atoms  in  highly  excited 
states.  Because  of  the  large  spatial  extent  of  these  highly  excited  atoms  such  experiments  can  reveal 
atomic  properties  not  usually  observable  with  atoms  in  the  ground  or  low-lying  excited  states.  Specific 
experiments  in  which  ir  synchrotron  radiation  is  to  be  used  to  photoionize  highly  excited  atoms  created  by 
two-step  laser  excitation  as  well  as  pilot  experiments  with  a  CO2  laser  will  be  discussed. 

*  Work  supported  by  the  National  Science  Foundation. 

1  In  collaboration  with  C.  E.  Burkhardt,  M.  Ciocca  and  S.  T.  Manson. 
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DE  4  The  Excitation  of  Sodiumiike  Argon  Ions  by  High-Energy  Projectiles. 

I.  KADAR,  Hahn-Meitner  Institut,  Berlin,  Germany.  (20  min.) 

The  Auger  electron  spectrum  emitted  by  singly  excited  sodium-like  argon  ions  has  been 
investigated  by  means  of  high  resolution  0°  projectile  Auger  spectroscopy  at  high  impact 
energy.  The  lines  found  in  the  experimental  spectrum  were  assigned  to  the  corresponding 
Auger  transitions  by  using  the  theoretical  transition  energies  and  their  differences  as  well  as 
the  relative  intensities  (PWBA  collision  strengths)  calculated  using  the  configuration 
interaction  Hartree-Fock  code  by  Cowan^.  The  Auger  electron  spectrum  is  due  to  the  decay 
of  levels  in  the  sodium-like  Ar  populated  by  single  monopole,  dipole  and  quadrupole 
excitation  by  He  atoms.  The  intensities  due  to  monopole  excitation  are  significantly  higher 
than  the  PWBA  expectation.  The  structure  of  the  emitted  electron  spectrum  is  found  to  be 
deeply  influenced  by  configuration  interaction.  The  screening  effect  of  the  target  electrons 
seems  to  be  responsible  for  the  deviation  of  the  ratio  of  the  intensities  due  to  monopole  and 
dipole  excitation  from  the  PWBA  estimate. 

*  on  leave  from  institute  of  Nuclear  Research  of  the  Hung.  Acad,  of  Sci,  Debrecen,  Hungary 
In  collaboration  with:  H.  Altevogt,  R.  I’ohrbriick,  V.  Montemayor,  A.  Mattis,  G.  Schiwietz, 
B.  Skogvall,  K.  Sommer,  U.  Stettner,  and  N.  Stolterfoht,  Hahn-Meitner  Institut  Berlin  GmbH, 
Glienicker  StraQe  lOU,  D-IOOU  Berlin  39 

1.  R.D.  Cowan,  The  Theory  of  Atomic  Structure  and  Spectra,  University  of  California  Press, 
Berkeley,  1981 

DE  5  Molecular  Orientation  Dependence  for  Projectile-Hj  Collisions.* 

R.  L.  EZELL, ^  Augusta  College.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  89) 

The  cross  sections  for  the  ionization  plus  excitation  and  double  excitation  of  Hs  have  been  measured  for 
equivelodty  electrons  and  protons  on  H}  as  a  function  of  orientation  of  the  intemuclear  axis.  The  projectile 
energies  ranged  from  0.5  to  3  MeV/u.  The  data  can  be  fit  to  an  expression  of  the  form 

a(S)  =  (r(|(l  +  A  cos*d). 

The  excited  states  of  Hj‘  included  the  2p<ru,  2s<rg  and  2pxu. 


*  Supported  by  the  National  Science  Foundation. 

t  Co-workers  are  A.  K.  Edwards,  R.  M.  Wood,  M.  L.  Dittmann,  and  J.  F.  Browning. 


DE6  Correlation  in  Ion-Atom  Collisions.*  A.  L.  FORD,  Texas  A&M  University.  (20  min.) 

i/ue  to  the  strong  electron-nucleus  force  In  the  target  atom,  many  atomic  collision  processes  are 
well-described  within  the  Independent  particle  model.  But  in  cases  involving  transitions  of  two 
or  more  electrons,  dynamical  correlation  between  the  electrons  during  the  collision  can  be 
Important.  One  such  example  Is  the  double  Ionization  of  helium,  where  one  manifestation  of  the 
correlation  is  the  large  difference  in  double  Ionization  produced  by  protons  and  antiprotons. 
Further  work  on  double  Ionization  of  helium  Is  reported,  and  the  double  ionization  mechanism 
discussed.  The  related  problems  of  double  photoionization,  of  double  excitation,  and  of  excita¬ 
tion  plus  ionization  are  discussed  and  compared  to  double  Ionization. 

*Work  done  in  collaboration  with  J.  F.  Reading.  Supported  by  the  NSF  under  grant  PHY-8707383. 


DE  7  Electronic  Stopping-Power  Calculations  for  Heavy  Ions  in  Semiconductors. 

S.  G.  ELKOMOSS,  Centre  de  Recherches  Nucleaires,  France.  (5  min.)  (Invited  Poster  Paper.  See  Poster  Display  PA  90) 

A  model  for  ton  stopping  in  semiconductors,  which  considers  separate  stopping  contributions  from  valence  and  core 
electrons  and  explicitly  includes  the  effect  of  the  gap,  has  been  used  to  calculate  the  electronic  stopping-power  of  energetic 
B,  P  and  As  in  Si,  Ge,  GaAs  arxl  CdTe  for  projectile  energies  10  keV  - 100  MeV.  Account  was  taken  of  the  partially 
stripped  incident  ions  by  means  of  the  effective  charges.  The  proton  effective  charge  has  also  been  considered  for  the 
0  <  0^1  P^q)  5  3  range  where  and  Vq  are  the  projectile  and  Bohr  velocities,  respectively.  There  is  good  agreement  at 
low  ion  velocity  with  Lindhard  and  Scharff  s  values,  which  for  heavy  ions  do  not  depend  on  effective  charge  theory,  as 
well  as  with  the  semiempirical  curves  at  energies  E  S  0.2  MeV/nucleon  where  tliey  can  be  compared. 


SESSION  DF:  ACCELERATOR  TECHNOLOGY 

Tuesday  morning,  6  November  1990;  Union  Building,  Room  418  at  9:00; 

R.  D.  Rathmeli,  National  Electrostatics  Corporation,  presiding 

DF  1  The  Advanced  Light  Source  at  the  Lawrence  Berkeley  Laboratory.*  ALAN  JACKSON,  Ljiurence  Berkeley  Laboratory.  (25  min.) 

The  Advanced  Light  Source  (ALS),  a  National  facility  currently  under  construction  at  the  Lawrence  Berkeley 
Laboratory  (LBL),  is  a  third-generation  synchrotron  light  source  designed  to  produce  exuemely  bright  beams  of 
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synchrotron  radiation,  in  the  energy  range  from  a  few  eV  to  10  keV.  The  design  is  based  on  a  1  -  1.9  GeV 
elecuon  storage  ring  (optimized  at  1.5  GeV),  and  utilizes  special  magnets,  known  as  undulators  and  wigglers 
(collectively  referred  to  as  insertion  devices),  to  generate  the  radiation.  In  this  paper  we  describe  the  main 
accelerator  components  of  the  ALS,  the  variety  of  insertion  devices,  the  radiation  spectra  expected  from  these 
devices,  and  the  complement  of  experiments  that  have  been  approved  for  initial  operation,  starting  in  April  1993. 


♦This  work  was  supported  by  the  Director,  Office  of  Energy  Research,  Office  of  Basic  Energy  Sciences,  Material 
Sciences  Division,  U.  S.  Department  of  Energy,  under  Contract  No.  DE-AC03-76SF(XX)98. 

DF  2  General  Purposes  Compact  Synchrotron  Radiation  Sources. 

H.  O.  MOSER,  Instiiut  fur  Mikrostrukturtechnik,  Kernsforschungszemrum  Karlsruhe,  Germany.  (20  min.) 

Besides  the  development  of  synchrotron  radiation  sources  of  the  3”*  generation  it  seems  important  to  work  also  on  general- 
purpose  synchrotron  radiation  sources  which  are  less  expensive  and  offer  easy  access  for  a  broad  user  community  from 
research,  industry,  and  the  medical  field.  The  radiation  spectrum  of  these  sources  must  extend  into  the  hard  X-ray  range  since 
most  of  the  X-ray  analytical  methods  and  promising  schemes  in  industrial  production  and  medical  diagnosis  need  this  feature. 
Superconducting  bending  magnets  are  likely  to  play  an  important  role  in  these  machines,  either  to  make  the  source  compact 
or  to  ensure  a  hard  spectrum  at  moderate  ueam  energy,  or  both.  Furthermore,  some  insertion  devices  will  be  included  for 
higher  brightness  and  brilliance  requirements.  Some  of  the  design  criteria  for,  a  possible  lay-out  and  the  status  of  such 
sources  are  discussed. 


DF  3  The  Design  of  the  rf  Cavity  for  the  Heavy  Ion  Storage  Ring  for  Atomic  Physics  at  Oak  Ridge.* 

S.  W.  MOSKO,  Oak  Ridge  National  Laboratory.  (20  min.) 

An  rf  cavity  and  drive  system  have  been.designed  for  the  proposed  "Heavy  Ion  Storage  Ring  (or  Atomic  Physics," 
HISTRAP,  at  Oak  Ridge.  A  peak  accelerating  voltage  of  2.5  kV  per  turn  is  required,  with  a  continuous  tuning 
range  of  200  kHz  through  2.7  MHz.  A  single-gap,  half-wave-resonant  configuration  is  used  with  biased  ferrite 
tuning.  The  cavity  structure  is  completely  outside  of  the  beam  line/vacuum  enclosure,  except  for  a  single  rf 
window  that  serves  as  an  accelerating  gap.  Physical  separation  of  the  cavity  and  beam  line  permits  in  situ 
vacuum  baking  of  the  beam  line  components  at  300“C.  A  prototype  cavity  was  built  and  tested.i  Development  of 
frequency  synthesizer  and  tuner  control  circuitry  is  under  way. 


•Research  sponsored  by  the  U.S.  Department  of  Energy  under  contract  DE-AC05-840R21400  with  Martin  Marietta 
Energy  Systems,  Inc. 

IS.  W.  Mosko,  D.  T.  Dowling,  and  D.K.  Olsen,  Proc.  of  the  1989  IEEE  Particle  Accelerator  Conference,  pp,  193. 

DF  4  Precision  Calibration  of  the  L3  and  L*  Electromagnetic  Calorimeters  with  a  Radiofrequcncy  Quadrupolc  Accelerator. 
H.NZ'NMAN,  California  Institute  of  Technology.  (20  min.) 

The  L3  experiment,  now  in  operation  at  the  LEP  e’*'e”  collider  at  CERN,  and  the  L* 
experiment  which  has  been  proposed  for  the  SSC,  derive  much  of  their  physics 
discovery  potential  from  the  use  of  high  precision  electromagnetic  calorimeters. 

The  high  resolution  depends  on  accurate  and  frequent  gain  calibrations  "in 
situ".  Over  the  last  6  years,  Caltech  and  AceSys  Technology,  Inc.  have  developed 
and  tested  precise,  rapid  calibration  techniques,  using  a  pulsed  proton  beam 
from  a  Radiofrequency  Quadrupole  (RFQ)  accelerator.  The  RFQ  beam  bombards  a  Li 
or  CaF2  target  permanently  installed  in  the  experiment.  Radiative  capture  of 
the  protons  yields  a  high  intensity  flux  of  single  17.6  MeV  photons  (Li  target) 
or  short  bursts  of  photons  which  simulate  a  high  energy  photon  of  up  to  40  GeV 
(CaF,  target) .  This  pulsed  photon  source  can  calibrate  the  thousands  of  large 
crystals  in  the  experiment  with  an  absolute  accuracy  of  0.5%  in  a  few  hours,  or 
with  a  relative  accuracy  of  0.4%  in  a  few  minutes,  using  the  two  types  of 
targets . 


DF  5  Potential  Application  of  XUV  Frec-Electron  Lasers  in  the  Computer  Chip  Industry.* 

BRIAN  E.  NEWNAM,  Los  Alamos  National  Laboratory.  (25  min.) 

Future  free-eleclron  lasers  (FELs),  when  operation  is  extended  into  the  extreme  ultraviolet  (XUV)  from  4  to  20  nm,  will  be 
excellent  exposure  tools  (or  extending  the  resolution  limit  of  projection  optical  lithography  to  60.1  pm  while  providing 
adequate  total  depth  of  focus  (1  to  2  pm).  The  potential  rapability  of  FEU  oscillators,  in  particular  those  driven  by  rf  linacs, 
to  produce  high-average  power  (50-200  W)  in  the  XUV  will  offset  the  inherently  low  throughput  of  the  projection  optics 
vrhich  will  have  about  five  reflections  at  650%  each.  When  operated  at  a  moderate  duty  rate  of  21%,  one  XUV  FEL  could 
supply  sufficient  average  power  to  support  high-volune  chip  production  by  multiple  lilhograpnic  steppers  operating 
simultaneously  Recent  progress  in  attaining  the  very  b.lght  electron  beam,  short-period  magnetic  undulator,  and  high- 
reflectance  resonator  mirrors  necessary  for  XUV  operation  is  encouraging.  Additionally,  work  is  underv/ay  to  develop  the 
other  XUV  projection  lithography  components  including  the  reflective  projection  optics,  photoresists,  and  high-precision 
alignment  techniques, 

•Supported  by  Los  Alamos  Internal  Program  Development  funds  and  conducted  under  the  auspices  of  the  U.  S.  Department  of 
Energy. 
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DF  6  Compact  Photoipjector  Accelerators  for  FEL’s.*  L.  M.  YOUNG,  Los  Alamos  National  Laboratory.  (20  min.) 

A  compact  photoinjector  accelerator  has  been  built  for  the  Los  Alamos  Free  Electron  Laser  (FEL)  Facility.  This 
accelerator  produces  a  very  high  qualit;y  beam  at  6  MeV  with  a  peak  current  of  300  A  and  an  emittance  <50 
n  mm  mrad.  Two  more  compact  photoinjector  accelerators  are  now  being  designed  and  built  that  will  incorporate 
features  which  will  eliminate  some  problems  that  affected  the  first  photoinjector  accelerator.  One  problem  was 
multipacting  in  the  coupling  cells.  This  problem  has  been  avoided  in  this  accelerator  but  a  design  change  for  the 
coupling  cell  will  eliminate  multipacting  in  the  new  photoinjector  accelerators  being  built.  Another  problem  observed 
in  this  accelerator  is  a  small  quadrupole  component  in  the  accelerating  field,  which  Is  caused  by  the  coupling  slots. 
The  new  design  will  reduce  this  effect  also.  This  phenomenon  was  detectable  only  because  the  beam  quality  was 
excellent. 

♦Work  supported  and  funded  by  the  US  Lepartment  of  Defense,  Army  Strategic  Defense  Command,  under  the 
auspices  of  the  U.S.  Department  of  Energy. 


SESSION  DG:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Tu‘'sday  morning,  6  November  1990;  Union  Building,  Golden  Eagle  Suites  B  and  C  at  9:00; 

J.  F.  Reading,  Texas  A&M  University,  presiding 

DG  1  Collision  Measurements  Using  Cold  Ions  Produced  by  Synchrotron  Radiation.* 

D.  A.  CHURCH,  Texas  A&M  University.  (20  min.) 

The  K-shell  photoionization  of  light  atoms  such  as  Argon,  and  the  L-shell  photoionization  of  heavier  atoms 
like  Xenon,  are  followed  by  vacancy  cascades  leading  to  charge-state  distributions  of  multi-charged  ions. 
Since  the  recoil  momentum  is  minimal,  the  ions  have  near-thermal  energies,  which  can  be  preserved  when  they 
are  confined  in  a  Penning  ion  trap.  Broadband  bending  magnet  radiation  was  focussed  with  a  cylindrical 
mirror  through  the  center  of  the  Penning  trap  to  produce  the  ions  from  a  static  gas  target.  The  charge¬ 
changing  collisions  of  these  ions  with  the  parent  gas,  or  with  other  targets  such  as  H2  or  He,  were  studied 
by  recording  the  rate  of  ion  loss  with  storage  time  in  the  trap.  Measurements  of  the  rate  coefficients  for 
the  collisions  of  Ar'l'*'  ions  (3<q<6)  with  argon  and  H2  targets  yield  rates  typically  falling  below  Langevin 
theory.  The  data  will  be  compared  with  trends  from  measurements  at  higher  energies.  Collision  processes 
of  particular  multi-charged  ions  having  similar  energies  occur  in  laboratory  and  astrophysical  sources. 

♦This  research  was  supported  by  the  National  Science  Foundation  and  by  the  Division  of  Chemical  Sciences, 
Office  of  Basic  Energy  Sciences,  DOE. 


DG  2  Electron'EIcctron  Interactions  in  Two  Electron  Phenomena  in  Collisions  of  Fast  Ions  with  He  Atoms. 

J.  P.  GIESE,  Kansas  State  University.  (20  min.) 

Recent  experiments  and  calculations  have  helped  clarify  the  role  of  electron-electron  interactions  in-two  electron  phenomena  in 
fast  lon-atom  collisions.  The  goal  of  this  work  has  been  to  find  and  explore  collision  systems  where  the  independent  electron 
approximation  (lEA)  DOES  NOT  model  the  data  well.  Deviations  from  the  lEA  predictions  are  often  described  as  electron 
correlations.  Tins  paper  reviews  recent  studies  of  double  ionization,  transfer  ionization,  ionization  excitation,  and  double 
excitation  following  collisions  of  fast  10ns  with  He  atoms.  Clear  indications  of  electron-electron  interactions  have  been  observed 
in  each  of  these  phenomena.  The  experimental  and  theoretical  results  will  be  compared  with,  emphasis  on  the  conceptual  models 
of  electron  correlation. 

Prepared  in  collaboration  with  J.O.P.  Pedersen,  University  of  Aarhus,  Aarhus,  Denmark.^ 

'Supported  in  part  by  the  U.S.  Department  of  Energy,  Office  of  Basic  Energy  Sciences. 

^Supported  in  part  by  the  Carlsberg  Foundation. 


DG  3  First  Ion  Collision  Experiments  with  Highly  Charged  Ions  Extracted  from  an  Electron  Beam  Ion  Trap. 

M.  C.  CLARK,  Lawrence  Livermore  National  Laboratory.  (20  min.) 

Highly  charged  Ar  (up  to  IS*),  Xe  (up  to  48*),  and  U  (up  to  71*)  ions  produced  through  electron  impact  ionization  and 
excitation  in  an  electron  beam  ion  trap  (EBIT)  have  efficiently  been  extracted  from  the  trap,  and  mass  and  charged  analyzed.* 
Charge  state  distribuuons  for  Ar  and  Xe  10ns  following  electron  impact  ionizauon/excitauon  have  been  measured.  Relative  yields 
for  the  production  of  Ar"^  and  Xe^'**  ions  have  been  deduced  as  a  function  of  electron  beam  energies.  The  dielectronic 
recombinauon  in  H  ,  He  and  Li-like  Ar  and  Fe  has  been  measured  via  charge  state  analysis  of  extracted  ions  as  a  function  of 
electron  beam  energy.  Ar  K  and  Xe  L  x-ray  emission  following  Ar*'^*,  Ar*®*  and  Xe^***,  Xe^^  and  Xe**®*  ion  impact  on  a  Cu 
surface  was  measured.  The  observed  line  posiuons  demonstrate  electron  capture  into  high  n  states  and  a  fast  radiative  decay  in 
the  neutralization  process  at  the  surface. 

‘Work  performed  under  the  auspices  of  die  U.S.  Department  of  Energy  by  the  Lawrence  Livemiore  National  Laboratory  under 
contract  number  \V-7405-ENG-48. 

♦Kansas  State  University,  Manhattan,  Kansas 
**Manne  Siegbahn  Institute,  Stockholm,  Sweden 
+++Sandia  Laboratories,  Livermore,  California 

1 .  O.  Schneider,  D.  Dewitt,  M.  C.  Clark,  R.  Schuch,  C.  L.  Cocke,  R.  Schmieder,  K.  J.  Reed,  M.  H.  Chen,  R.  Mans,  M. 
Levine,  R.  Fonner,  to  be  published  in  Phys.  Rev.  A. 
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DG  4  Forbidden  Transitions  in  One-  and  Two-Electron  Ions.  R.  W.  DUNFORD,  Argonne  National  Laboratory.  (20  mm.) 


DG  5  Projectile  Scattering-Angle  Dependence  in  Ionization  of  Helium  by  Ion  Impact. 

A.  SALIN,  Universite  de  Bordeaux  I,  France.  (20  min.) 

DG  6  Fast  Multicharged  Ion  Induced  Satellite  Auger  Electron  Angular  Distribution. 

S.  RICZ,*  Institute  of  Nuclear  Research  of  The  Hungarian  Academy  of Sciences,  Hungary.  (20  min.) 

The  angular  distribution  of  satellite  Auger  transitions  of  neon  target  atoms 
was  investigated  by  fast  heavy  ion  impact.  The  energy  resolution  of  the 
electrostatic  electron  spectrometer  was  1  eV  for  the  diagram  K-LL  Auger  lines 
of  neon^.  We  found  relatively  high  anizotropy  parameters.  The  alignmertt 
parameter  of  O-lDce  satellites  shows  a  definite  dependence  on  the  projectile 
charge  at  a  constant  impact  velocity.  Analyzing  the  N-li)ce  satellite  Auger 
lines  determined  from  Ke^'*'-Ne  collisions  we  found  that  the  angular 
distribution  of  several  lines  could  be  described  only  by  using  both  Ao  and  A. 
anisotropy  parameters.  The  definite  presence  of  A^  may  show  the  deficiency  of 
the  independent  particle  approximation  in  describing  the  multiple  ionization 
process. 

*In  collaboration  with:  I.  KAdAr,  J.  VAgh-,  B.  Sulilc,  D.  Varga  and  D.  BerAnyi, 
Institute  of  Nuclear  Research  of  the  Hungarian  Academy  of  Sciences 
1.  I.  KAdAr,  S.  Ricz,  J.  VAgh,  B.  Suli  ,  D.  Varga  and  D.  BerAnyi,  Phys.  Rev. 
A41  (1990)  3518. 


SESSION  EA:  POSITRON  BEAM  EXPERIMENTS  AND  FACILITIIES II 
Tuesday  afternoon,  6  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  14:00; 

S.  C.  Sharma,  University  of  Texas  at  Arlington,  presiding 

EA  1  The  Microtron  Accelerator  Permits  a  Compact  Positron  Source.  E.  D.  SHAW.^^rdT Bell  Laboratories,  Murray  Hill.  (20  min.) 

The  microtron  accelerator  developed  at  AT&T  Bell  Laboratories  currently  produces  macropulses  with  charge  slightly 
greater  than  l.OuC  at  energies  of  19-20  MeV.  The  measured  vertical  emittance  at  the  exit  of  the  microtron  is  (8±4)it  mm 
mrad  while  the  horizontal  emittance  is  much  smaller.  In  normal  operations,  about  30|i  amps  cw  current  is  delivered  to  a 
positron  moderator  in  16)isec  pulses  at  30Hz.  The  accelerator  is  being  used  to  study  stimulated  emission  in  a  helical 
undulator  for  a  free  electron  laser  and  to  make  pulses  of  10*  positrons  for  various  solid  state  experiments  and  for  laser 
measurements  on  positronium  atoms.  Several  imponant  microtron  improvements  including  a  LaBj  cathode,  elecrron  beam 
extraction,  better  vacuum,  a  new  cavity  design,  and  rf  pulse  envelope  flattening  will  be  discussed. 

EA  2  New  Results  at  the  Giessen  Positron  Source  TEPOS.'*' 

H.  SCHNEIDER,  Strahlenzentraum  der  Universitat,  Federal  Republic  of  Germany.  (20  min.) 

At  the  positron  source  TEPOS*  on  the  Giessen  65  MeV  electron  linear  accele¬ 
rator  (Strahlenzentrurah  ratios  of  K-  and  L-shell  ionization  cross-sections  by 
electron  and,  positron  impact,  respectively,  were  measured  on  different  Au-/ 

Ag-foils  as  function  of  the  incident  projectile  energies.  Near  threshold  a 
departure  of  the  corresponding  ratios  from  unity  is  observed  for  K-shell 
ionization.  To  reduce  the  background  we  are  testing  a  special  coincidence 
facility.  Results  are  discussed  in  detail. 

To  improve  the  beam  quality  of  our  positron  source  (smaller  beam  diameter, 
lower  energy  spread)  we  are  optimizing  remoderation  facilities  in 
transmission  mode,  specially.  The  extraction  of  the  remoderated  positrons  is 
achieved  electrostatically. 

Further,  a  new  additional  bremstarget  facility  (Platinum  target)  with  a 
shorter  beam  transporting  system  should  provide  e.g.  a  better  transmission 
performance  for  the  slow  positrons. 

Some  experiments  together  with  the  scientific  positron  group  of  the 
University  Mainz  (G.Herth  et  al.)  on  excited  states  of  positronium  were 
performed. 2 

*  Supported  by  the  Deutsche  ForschungsgemAinschaf t  (DFG) ,  Bonn-Bad  Godesberg 
(Germany) . 

**  Group  members:  W. Faust,  C.Hahn,  M.Ruckert,  H. Schneider,  A. Singe,  and 

I. Tobehn. 

'  F.Ebel,  H. Faust,  C.Hahn,  M.RUckert,  H. Schneider,  A. Singe,  and  I.Tobehn, 

Nucl.  Instr.  a.  Meth.  B  50  (1990)  328 
-  R.Ley,  K.D.Niebling  and  G.Herth;  C.Hahn,  H. Schneider  and  I.Tobehn. 

J. of  Phys.,  accepted. 


EA  3  Creation  of  Slow  Positrons  at  the  Ghent  90-McV  LINAC,  D.  SEGERS,*  Rijksuniversiteit  Gent,  Belgium.  (20  min.) 

At  the  90  MeV  electron  UNAC  of  the  Ghent  State  University  a  beam  of  low-energy  positrons  was  constructed.  The  convertor- 
moderator  set-up,  the  magnetic  transport  system  and  the  experimentation  chamber  are  described.  Operating  the  UNAC  at  45  MeV,  at 
a  maximum  current  of  8S;rA  and  a  repetition  rate  of  300  Hz,  a  positron  yield  of  2  lo’^  e*/s  is  obtained.  Since  these  positrons  are 
bunched  with  the  same  time-characteristics  as  the  UNAC,  it  is  necessary  to  spread  them  out.  In  order  to  avoid  pile-up  In  the  measuring 
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system.  Therelore  a  Penning-trap  was  inserted  in  the  transport  system  The  characteristics  of  the  positron  beam  (energy  distribution  as 
a  function  of  moderator  bias  and  magnetic  guiding  field)  are  discussed.  The  properties  of  the  Penning  trap  and  the  resulting 
characteristics  of  the  slow  positron  beam  after  the  Penning  trap  are  described.  As  an  example,  the  first  measurements  are  illustrated. 

*ln  collaboration  with  J.PARIDAENS,  M.DORIKENS  and  L.DORIKENS-VANPRAET 


EA  4  I’osilronium  and  Defect  Characterization  in  Solids  with  a  MeV  positron  (e  )  Ecam. 

H.  STOLL,  Max-Planck-Institm  fiir  Melallforscliuiig.  Federal  Republic  of  Germany.  (20  min.) 

A  monoenergelic  positron  beam  (6  •  10''e'’'/s)  in  the  energy  range  of  0.5  MeV  <  E  <  6.5  MeV  {AE/E  «  10”’' 
FWHM)  has  been  iiistallud  at  tire  Slullgarl  Pellelroii  accelerator.  Besides  experiments  on  e'^’e"  scattering  (Bliablia 
scattering)  and  on  e'''e"  annihilation-  in-flight,  ,3*  7  positroa-lifctime  measurements  in  solids  and  melts  have  been 
performed.  Among  the  advantages  of  the  beam- based  7  technique  over  the  conventional  77  coincidence  technique 
are  substantially  increased  count  rates  and  v  irtually  eliminated  statistical  backgrounds,  measurements  under  diflicult 
conditions  (e.  g.,  in  high-temperature  melts)  arc  simplified.  Time  resolved  information  on  the  evolution  of  the 
positron  states  (e.  g..  positron  trapping  at  defects)  and  a  ocnsitive  detection  of  positronium  formation  are  obtained 
by  a  triple  coincidence  method  age-momentum  correlation). 


EA  S  Physisurption  of  Atums  on  Internal  Surfaces  of  R.-idiation-Induccd  Cavities  in  .Metals.  A  Positron  Annihilation  Study.* 
S.  C.  SHARMA,  The  Uiiiecniiy  of  Texas  al  Arlington.  (20  min.) 

Positron  annihilation  spectroscopy  (PAS)  and  scanning  electron  microscopy  (SEM)  have  been  used  to  study 
helium  bubbles  m  alpha  irradiated  samples.  We  present  results  from  our  recent  PAS  and  SEM  experiments 
conducted  on  single  and  polycrystalline  samples  irradiated  under  identical  conditions.  SEM  reveals  significant 
differences  in  surface  murphology  and  PAS  provides  estimates  for  the  size  and  concentration  of  the  helium 
bubbles.  We  discuss  the  effects  of  the  grain  boundaries  and  impurities  on  bubble  growth  and  review 
applications  of  PAS  in  the  study  of  physisorption  of  simple  atoms/molecules  on  surfaces.  We  also  show  that  the 
recently  observed  temperature  dependance  of  the  positron  lifetime  data  in  alpha  irradiated  aluminum  can  be 
understood  in  terms  of  helium  physisorption  on  the  internal  surfaces  of  the  radiation-induced  cavities. 

'Supported  by  the  Welch  foundation,  Houston,  Texas.  Research  conducted  in  collaboration  with  J.  Ma,  N. 
Hozhabri,  S.  V.  Naidu,  C.  1.  Eom,  P.  Sen,  and  G.  Nambissan. 


LA  6  Positron  Annihilation-Induced  Angular  Electron  Spectroscopy  and  Its  Implementation  at  .Vccelcrator  B.ised  Loit-Encrgy  Positron 
Factories.  ALEX  WEISS,  The  University  of  Texas  at  Arlington.  (20  min.) 

Positron  Annihilation  Induced  Auger  Electron  Spectroscopy  (PAES)  makes  use  of  a  beam 
of  low  energy  positrons  to  excite  Auger  transitions  by  annihilating  core  electrons.  Thus 
the  large  secondary  electron  background  usually  present  In  colHslonally  excited  Auger 
spectra  can  be  eliminated  by  setting  the  positron  beam  energy  well  below  the  Auger 
electron  energy.  This  allows  true  Auger  llneshapes  to  be  obtained.  Further,  because 
the  positron  Is  localized  Just  outside  the  surface  before  It  annihilates,  PAES  is 
extremely  sensitive  to  the  topmost  atomic  layer.  Recent  PAES  results  obtained  at  the 
University  of  Texas  at  Arlington  will  be  presented.  In  addition,  the  use  of  high 
resolution  energy  analyzers  with  multichannel  particle  detection  schemes  to  prevent 
problems  due  to  the  high  data  rates  associated  with  accelerator  based  positron  beams 
will  be  discussed.  This  research  supported  by  the  Robert  A  Welch  Foundation. 


EA  7  Slow  Positron  Beam  Extraction  and  Manipulation  Using  a  Pulsed  Gap  Accelerator  Technique. 

L.  D.  HULETT,  Oak  Ridge  National  Laboratory.  (20  min.t 

The  gcncratiun  of  slow  positrons  by  an  electron  LINAC  source  requires  that  the  moderator  be  placed  in  close  proximity  to  the 
electron  target,  man  environment  of  intense  gamma,  beta,  and  neutron  flux,  it  must  be  cooled  to  remove  the  heat  generated.  The 
extraction  of  the  positrons  by  raising  the  moderator  to  high  potentials  requires  insulalois  that  can  withstand  the  high  voltages  in  the 
presence  of  the  radiation  cnviicinmcnis.  Also,  the  cooling  water  lines  must  have  special  insulating  breaks  in  them.  An  alternative 
extraction  method  is  lu  use  a  pulsed  gap  accelerator  technique  that  leaves  the  moderator  at  ground  potential,  eliminating  the  need 
for  insulators.  Such  a  method  is  being  used  at  the  ORNL  facility.  Results  will  be  rejiorted.  Clhei  applications  of  the  method  for 
positron  beam  manipulation  will  be 
discussed. 


EA  8  Frcc-Volumc  Properties  of  Poly  mers  Probed  by  Positrons.* 

Y.  C.  JEAN,  University  of  Mtssourt-Kansas  City.  (5  miii.)  (Invited  Poster  Paper.  Sec  Poster  Display  I’B  36). 

Positron  annihilation  spectroscopy (PAS)  has  been  developed  to 
characterize  the  microstructural  properties  of  polyiaers’’  .  Positron 
annihilation  lifetime  measurements  give  direct  information  about 
dimensions,  contents  and  distributions  of  free-volume  holes  in 
amorphous  polymers.  Angular  correlation  of  positron  annihilation 
radiation  measurements  give  additional  information  about  the  shape 
of  holes  in  oriented  polymeric  materials.  The  unique  capability  of 
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PAS  to  probe  free-volume  properties  is  from  the  fact  that 
positronium  atom  is  found  to  be  preferentially  trapped  in  the 
atomic-scale  holes  which  have  a  size  ranging  from  1  to  10  A. 

Theoretical  aspects  and  experimental  results  along  with  examples 
in  analyzing  the  free-volume  hole  structures  of  epoxy,  PEEK,  and 
PHMA  will  be  presented. 

‘Supported  by  McDonnell  Douglas  Independent  Research  and 

Development  Program  and  National  Science  Foundation. 

1.  Y.  C.  Jean  et  al,  J.  Polym.  Sci.  B,  7A,  1247(1986) 

2.  H.  Nakanishi  et  al,  J.  Polym.  Sci.  B,  12,  1419(1989) 

EA  9  Materials  Science  Application  with  Positrons. 

P.  L.  JONES,  Duke  University.  (5  min.)  (Invited  Poster  Paper;  See  Poster  Display  PB  35). 

SESSION  EB:  RADIOACTIVE  BEAM  EXPERIMENTS 

Tuesday  afternoon,  6  November  1990;  Union  Building,  Room  410  at  14:00; 

C.  ROLFS,  Westfalische  Wilhelms  Universitat,  Federal  Republic  of  Germany,  presiding 

EB  1  Production  and  Studies  with  Secondary  RIB  at  LISE.  A.  MUELLER,  Oraay-Gane/,  France.  (15  min.) 

EB2  Ion  Source  for  RIB  at  TRIUMF.  L.  BUCHMAN,  TR/C/A/F,  Prance.  (15  min.) 

EB  3  Plans  for  Radioactive  Beams  at  the  LBL  88-Inch  Cyclotron.  R.  STOKSTAD,  Lawrence  Berkeley  Laboratory.  (15  mm.) 

EB  4  Accelerated  Radioactive  Beams — A  Status  Report.  JOHN  M.  D’AURIA,  Simon  Fraser  University,  Canada.  (15  min.) 

Over  the  last  five  years  considerable  interest  ha.s  developed  in  the  world  in  the 
use  of  accelerated  radioactive  beams  for  a  variety  of  fundamental  and  applied 
nuclear  science  studies.  It  is  now  recognized  that  technology  is  in  place  to 
produce  such  exotic  beams.  Facilities  exist  in  Europe,  Japan  and  in  the  U.S.  to 
produce  energetic  beams  (50-500  MeV/u)  using  the  Projectile  Fragmentation  Recoil 
Method  while  a  number  of  proposals  exist  around  the  world  including  Canada  and  the 
U.S.  to  produce  low  energy  (less  than  10  MeV/u)  beams  using  the  ISOL/Post- 
Accelerator  Approach.  A  Steering  Committee  has  just  been  formed  to  coordinate  the 
preparation  of  a  proposal  to  install  a  major  accelerated  radioactive  beams 
facility  based  upon  the  ISOL/Post-Accelerator  approach  somewhere  in  North  America. 

In  this  presentation  a  review  of  this  developing  field  will  be  given  along  with  a 
summary  of  possible  scientific  programs,  and  details  of  some  of  the  proposed  or 
operating  low  energy  beams  facilities.  The  activities  and  the  plans  of  the 
Steering  Committee  will  also  be  presented. 

« 

EB  5  The  Proposed  Radioactive  Nuclear  Beam  Facility  at  RAL. 

T.  G.  WALKER,  Rutherford  Appleton  Laboratory,  England.  (15  min.) 

In  the  United  Kingdom  we  are  studying  a  Radioactive  Nuclear  Beam  Facility  which  will  have  as  its  major  experimental  goal 
the  extension  of  the  study  of  the  nucleus  through  spectroscopic  studies  at  and  near  the  neutron  and  proton  drip  lines 
and  in  the  region  of  siperheavy  nuclei.  This  facility  will  separate  and  accelerate  radioactive  fragments  with  half-lives 
down  to  tens  of  milliseconds  produced  in  spallation,  fission  and  fragmentation  processes  using  a  primary  beam  of  high 
intensity  protons.  A  100  microampere  800  MeV  proton  facility,  ISIS  already  exists  at  the  Rutherford  Appleton  Laboratory 
W  the  production  of  neutrons  for  condensed  matter  research.  The  on-li.ne  isotope  separation  will  follow  the  principles 
of  the  ISOLDE  facility  at  CERH.  Provision  is  provided  for  further  acceleration  up  to  energies  of  several  HeV  per  r.^leon 
using  either  ■  linear  accelerator  system  or  a  linac  plus  race-track  synchrotron. 

EB  6  Low-  and  Medium-Energy  Radioactive  Ion  Beams  at  Ixiuvain-Ia-Neuve,  Belgium.* 

G.  RYCHEWAERT,  Catholic  University  of  Louvain,  Belgium.  ( 1 5  min.) 

This  paper  reviews  the  status  and  recent  achievements  of  the  Leuven  Isotope  Separator  On  Line  where  th< 
low  energy  radioactive  beams  (50  KeV  acceleration  energy)  are  mainly  used  for  nuclear  physic: 
experiments.  Radioactive  beams  with  masses  ranging  from  A  >*  8  up  to  A  "  240  are  produced  by  light  am 
heavy  ion  induced  fusion  and  flssion  reactions.  The  second  part  describes  a  project  for  accelerating  thest 
beams  to  medium  energy  ("  l.S  MeV/AMU)  for  use  in  nuclear,  astrophysical  and  solid  state  studic; 
(ARENAS^). 

*  In  collaboration  with  P.  Decrock,  Th.  Delbar,  P.  Den  Dooven,  W.  Galster,  M.  Huyse,  P.  Leleux 

I.  Licot,  E.  Lidnard,  P.  Lipnik,  M.  Loiselet,  G.  Reusen,  P.  Van  Duppen 

J.  Vanhorenbccck,  J.  Vervier  and  J,  Wouters. 

EB  7  Radioactive  Ion  Beams  at  the  Bevalac:  Greatly  Enhanced  Fragment  Separation  for  High-Energy  Beams.* 

B.  FEINBERG,  Lawrence  Berkeley  Laboratory.  (15  min.) 

Radioactive  beams  arc  routinely  produced  at  the  Bevalac  by  the  fragmentation  process.  High  energy  beams  (energies  - 
8(X)  MeV/u)  produce  togments  with  nearly  the  original  beam  momentum,  forming  a  radioactive  ion  beam.  A  new 
bcamlinc  is  being  constmeted  which  will  provide  resolution  for  ions  approaching  the  mass  100  region,  compared  to  the 
present  mass  20  capability,  by  strongly  increasing  the  dispersion  and  also  increasing  the  beam  size  for  easier  tuning  and 
more  effective  colliWtion.  In  addidon,  the  angular  acceptance  has  been  m<xe  than  doubled.  Details  of  the  design  wUl  be 
present^ 

*Woik  done  in  collaboration  with  J.Q.  Kalnins  and  G.F.  Krebs,  and  supported  by  the  Director,  Office  of  Energy 
Research,  Office  of  High  Energy  arid  Nuclear  Physics,  Nuclear  Physics  Division,  of  Lhc  U.S.  Department  of  Energy 
under  Contract  No.  DE-AC0^7^F00098. 
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EB  8  Nuclear  Polarization  of  Hadioactive  Beams  by  Tilted  Foils.* 

MICHAEL  HASS,  NSRL,  University  of  Rochester,  and  the  Weizmann  Institute,  Israel.  (15  min.) 


The  atomic  polarization  present  when  ions  traverse  thin  foils  at  an  oblique  angle 
(tilted-foil  geometry)  can  be  transferred  to  the  nucleus  via  the  hyperfine 
interaction  of  the  electronic  spin  with  the  nuclear  ma^etlc  moment  and  hence 
produce  nuclear  polarization.  This  method  has  been  used^  successfully  in  the  past 
few  years  to  measure  diverse  nuclear  electromagnetic  properties  such  as  signs  of 
quadrupole  moments  of  isomeric  high-spin  levels,  parity  violation  effects  and 
magnetic  moments  in  ground  states  of  mirror,  nuclei  (using  the  )5-NMR  technique). 
Of  particular  importance  is  the  use  of  this  method  in  coi^junction  with  facilities 
which  produce  sepuated  reaction  products  ("radioactive  beams”),  allowing  such 
measurementr  be  performed  for  nuclei  in  far-from-stability  regions  and  under 
favorable  couv.  oits  of  good  (radioactive)  beam  - quality  and  no  interference  from 
the  direct  beam.  A  brief  summary  of  the  subject  and  of  the  present  status  of 
such  efforts  will  be  presented. 

^Supported  in  part  by  the  NSF  and  by  the  Israel-US  BSF. 

‘Permanent  address. 

^G.  Goldring,  M.  Hass  and  B.  Dafni,  Hyper.  Interact.  33,  19  (1987). 


EB  9  Synthesis  of  Light  Elements.  R.  N.  BOYD,  Ohio  State  University,  Columbus.  (30  min.) 


SESSION  EC:  NONLINEAR  EFFECTS  IN  ECR-GENERATED  PLASMAS 

Tuesday  afternoon,  6  November  1990;  Union  Building,  Room  412  at  14:00;  G.  D.  Alton,  Oak  Ridge  National  Laboratory,  presiding 


EC  1  The  Design  of  Particle  Spectrometers  and  Beam  Guidance  Systems  with  Reduced  Image  Aberrations. 

H.  WOLLNIK,  Justus  Liebig  Universitat,  West  Germany.  (25  min.) 

EC  2  Injection  of  High-Brightness  H~  Beams  into  RFQ  Accelerators.  M.KBlSiBV.,  University  of  Maryland.  (25  min.) 

EC  3  Transport  of  High-Intensity  H~  Ion  Beams  in  the  BEAR  Accelerator.  P.  O’SHEA,  Los  Alamos  National  Laboratory.  (25  min.) 


EC  4  Aberration  Production  in  Liquid  Metal  Ion  Sources.*  J.  H.  WHEALTON,  Oak  Ridge  National  Laboratory.  (25  min.) 


To  model  accurately  the  liquid  metal  ion  source  (LMIS),  with  the  great  disparity 
between.the  dimensions  of  its  emitter  and  its  expand^  beam,  a  calcuiational  technique 
has  been  devised  and  implemented  that  is  a  trillion  times  more  expeditious  than 
previous  techniques  [1].  Two  independent  approaches  (the  inverse  Vlasov  and  the 
variable  mesh)  were  first  considered  and  subsequently  rejected  as  unfeasible.  A  third 
approach,  the  Vlasov-Poisson-Oscillating  Dirichlet  Microscope,  was  therefore 
developed.  This  ^ird  approach  has  enabled  accurate  modeling  over  scale  changes  of 
10*  per  dimension.  An  example  is  considered  in  Fig.  1  where  several  blowups  (12  x 
16  area  ma^iication  in  each)  are  analyzed  self-consistendy  near  the  space-charge  limit, 
leading  to  fractional  A  resolution  in  a  cm-sized  device  as  shown  in  in  lug.  2.  The 
physical  size  represented  by  Fig.  1  is  approximately  1  cm  on  a  side.  The  physical 
region  represented  in  Fig.  2  is  a  blowup  of  the  needle  tip  shown  in  Fig.  1.  The 
physical  size  is  approximately  4  million  time  smaller  in  each  dimension  (40  A  x  40  A). 
Boundary  conditions  on  the  edges  of  Fig.  2  are  determined  from  the  solution  of  the 
previous  blowup.  For  finite  space  charge,  as  shown,  this  telescope-microscope 
procedure  is  repeated  until  converged.  To  get  this  resolution  from  the  fuU  device  would 
require  more  than  lO^O  nodes  for  the  finite  difference  solution  to  the  Laplace  equation 
(symmetry  reduces  it  from  lO^O  nodes  -  numerologically  equal  to  the  age  of  the 
universe  in  picoseconds).  Only  10'^  simple  calculations  are  required  as  a  result  of  the 
subject  proc^ure. 


*Rcse<rch  tpomored  17  ihe  EipIotiMy  Studies  Protiim  of  the  Oik  Ridje  Nilionil  Uboniety.  opatled  for 
the  U.S.  Deputment  of  Energy  by  Mirtin  Msriciu  Energy  Sysienu,  Inc.,  under  conirtct  DE-AC05- 
840R2I400. 

I'b.  H.  WhMlion,  P.S.  Mesuros,  K.  E.  RoUic,  R.  J.  Riridon,  <nd  P.  M.  Ryin,  'Beam  Dynimics  of  a  liquid- 
Meu]  Ion  Source,*  Rev.  Sci.  InsBum.  SI  (1),  56$  (1990). 


Fig.  2 


EC  5  Factors  Which  Affect  the  Emittanccs  in  ECR  Ion  Sources.  T.  ANTAYA,  Michigan  State  University,  (25  min.) 
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EC  6  Gas  Mixing  Effects  in  ECR*Generated  Piasmas.* 

C.  C.  PETTY, ^  Plasma  Fusion  Center,  Massachusetts  Institute  of  Technology.  (25  min.) 

Operators  of  electron  cyclotron  resonance  (ECR)  Ion  sources  have  found  that  by  mixing  a  lighter  gas  with  a  heavier  gas, 
the  extracted  currents' for  high  charge  states  of  the  heavier  gas  Increase  over  what  they  would  be  If  the  lighter  gas  were 
not  present.  In  order  to  learn  more  about  this  phenomenon,  a  case  of  gas  mixing  was  studied  In  Constance  B,  a  single-cell 
quadrupole  mirror.  The  Ion  temperatures,  densities,  and  end-loss  fluxes  as  a  function  of  charge  state  were  measured  for 
a  pure  oxygen  and  a  oxygen  and  helium  plasma.  The  end-toss  flux  of  O®"*"  Increased  by  80%  during  gas  mixing  even 
though  the  total  oxygen  density  decreased  by  half.  The  Increased  0®+  end-loss  was  mainly  due  to  reduction  of  cross-field 
transport  of  Ions.  A  significant  amount  of  oxygen  Ion  cooling  by  helium  was  also  observed. 

‘Work  supported  by  U.S.  Department  of  Energy  Contract  DE-AC02-78ET51013. 
f  Current  address:  General  Atomics,  P.O.  Box  85608,  San  Diego,  CA. 


SESSION  ED:  NUCLEAR  PHYSICS 

Tuesday  afternoon,  6  November  1990;  Union  Building,  Golden  Eagle  Suites  B  and  C  at  14:00; 

B.  L.  Walter,  Duke  University,  presiding 

EDI  Chaotic  Behavior  of  Nuclear  Spectra.* 

G.  E.  MITCHELL,  North  Carolina  State  University  and  Triangle  Universities  Nuclear  Laboratory.  (20  min.) 

The  topic  of  quantum  diaos  and  searches  for  quantum  systems  which  display  chaotic  behavior  have  been  the  subject  cf 
much  discossioo  recently.  Bohigas  a  al.  conjectured  that  quantum  analogs  of  classically  chaotic  systems  display  level 
statistics  wfaidi  are  consistent  widi  the  predictions  of  the  Gaussian  otthogonal  ensemble  (GOE)  of  random  matrix  theoiy.l 
This  suggests  that  the  fluctuadon  prop^es  of  nuclear  levels  may  be  used  as  a  signature  for  chaos  or  regularity.  Higii 
quality  nuclear  resonance  data  are  known  to  display  the  long  and  short  range  order  predicted  by  GOE.^  In  only  one 
nucleus,  ^^Al,  are  all  levels  known  fiom  die  ground  state  to  the  resonance  region.  Analysis  of  the  first  100  positive  parity 
states  suggests  that  the  fluctuadon  ptoperdes  lie  between  a  GOE  and  a  Poisson  description  and  are  independent  of 
excitation  energy There  is  no  other  available  data  which  is  of  sufficient  quality  to  permit  such  analysis  in  a  single 
nuclide.  However,  there  are  many  nuclides  whose  level  schemes  are  cwnplete  over  a  mote  limited  range  of  energies  and 
spins.^  We  have  analyzed  a  much  expanded  data  set  (168  sequences  of  levels  in  60  nuclides).  Our  results  show  a  strong 
dependence  on  the  mass  number  A,  with  suggestions  of  effects  due  to  spin  and  deformation. 

*SuM)orted  in  part  by  US  Department  of  Energy,  Office  of  High  Energy  and  Nuclear  Physics  (Grant  No. 
DE-FG05-88ER40441). 

*0.  Bohigas  et  al.,  Phys.  Rev.  Lett  52<  1  (1984). 

20.  Bohigas  et  al.,  Phys.  Rev.  Lett  54, 1645  (1985). 

3G.  E.  Mitchell  et  al.,  Phys.  Rev.  Lett.  fiL  1473‘(1988). 

4J.  F.  Shiiner,  Jr.  et  al.,  Z.  Phys.  A  225. 393  (1990). 

5t.  von  Egidy  et  al.,  Nucl.  Phys.  A454. 109  (1986);  Nucl.  Phys.  A481.  189  (1988). 


ED  2  Discovery  of  Very  Elongated  Nuclei  Near  190.  J.A.'BECKER,  Lawrence  Livermore  National  Laboratory.  (20  min.) 
ED  3  Probing  the  Charge  Structure  of  the  Neutron.*  R.  MADEY,  Kent  State  University.  (25  min.) 

Knowledge  of  the  distribution  of  electric  charge  within  the  neutron  is  fundaaental  to  understanding 
both  nucleon  and  nuclear  structure.  Little  Is  known  at  the  present  tiae  because  the  theoretical 
description  of  the  deuteron  is  model  dependent.  Experlaents  are  planned  at  the  Bates  electron 
accelerator  facility  and  at  CEBAF  to  probe  the  charge  structure  of  the  neutron  in  a  way  that  should 
circuavent  these  large  uncertainties  by  scattering  longitudinally-polarized  electrons  from 
deuterium  quaslelastically  and  measuring  the  transverse  polarization  component  Pg,  of  the  recoil 
neutron.  This  polarization  component  Pg,,  which  lies  In  the  scattering  plane  noraal  to  the  neutron 
momentum.  Is  proportional  to  the  electric  fora  factor  of  the  neutron,  Gg,  In  the  impulse 
approximation. 2  Theory  Indicates  that  Pg,  has  almost  no  dependence  on  the  deuteron  model,  and  that 
It  is  insensitive  to  the  Influence  of  final-state  Interactions,  meson-exchange  currents,  and  isobar 
configurations . 2 

*  Supported  in  part  by  the  National  Science  Foundation, 

1,  R.G.  Arnold,  C.E.  Carlson,  and  F.  Gross,  Phys  Rev.  C^,  363  (1981). 

2.  H.  Arcnhbvel,  Phys.  Lett.  B199.  13  (1987). 


ED  4  Selected  Studies  of  Electrodisintegration  of  ’He  and  ^Hc  at  CEBAF. 

J.  MOUGEY,  Continuous  Electron  Beam  Accelerator  Facility.  (20  min.) 

ED  5  Nuclear  Properties  from  Optical  Spectroscopy  of  Radioactive  Atoms  Produced  by  Heavy-Ion  Fusion.* 

C,  H.  HOLBROW,  Colgate  University.  (20  min.) 

A  gas  filled  cell  has  been  developed  to  collect  accelerator  produced  radioactive  nuclei  in  order  to  .study  laser 
induced  spectra  of  atoms  formed  from  them.  The  apparatus  can  detect  spectra  even  when  the  nuclides  are  being 
produced  at  less  than  1000  s~’.  At  this  level  of  sensitivity  heavy-ion  fusion  reactions  become  a  useful  source  of 
very  neutron  deficient  atoms,  and  we  have  measured  isotope  shifts  of  ytterbium  out  to  '”Yb,  18  neutrons  away 
from  the  line  of  beta  stability.  The  data  imply  a  large  jump  in  the  rms  nuclear  charge  radius  of  'Yb  surprisingly 


Vol.  35,  No.  8  (1990) 


1736 


Tuesday  Afternoon 


ncai  the  N  -  82  neutron  shell  closure.  Heav;  ion  fusion  can  produce  isotopes  s»  selectively  that  Isotope  separation 
is  not  needed.  As  a  result  our  apparatus  permits  optical  spectroscopy  of  atoms  too  reixactory  or  too  short-lived 
to  process  in  an  isotope  separator;  studies  of  the  refractory  element  hafnium  are  now  tmder  way. 

'Supported  by  the  National  Science  Foundation. 

ED  6  The  Dorainant  Role  of  Intruder  States  in  the  Structure  of  Ir  end  Au  Nuclei. 

L.  L.  RIEDINGER,  The  University  of  Tennessee,  Knoxville.  (20  min.) 

ED  7  Momentum  Acfaromat  Recoil  Spectrometer.  R.  TRIBBLE,  7exar/f<SA/{/mue«ity.  (20  min.) 


SESSION  EE:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 
Tuesday  afternoon,  6  November  1990;  Physics  Building,  Room  102  at  14:00; 

I.  A.  Sellin,  Oak  Ridge  National  Laboratory,  presiding 

EE  1  Electron  Emission  Induced  by  Ion  Bombardment  of  High-T^  Superconductors.'’^ 

HERMANN  ROTHARD,/,  IK  Goethe-Universitat,  Germany.  (25  min.) 

The  interaction  of  swift  ions  with  solids  causes  a  dynaaical  collective  response  of  the 
electron  plasma  ("wake").  These  conical  electron  density  fluctuations  show  the  charateristic 
behaviour  of  Hach  shock  waves  and  lead  to  the  directed  emission  of  shock  electrons  perpen¬ 
dicular  to  the  val:e  shock  front.  Shock  electrons  have  recently  been  detected  by  measuring 
angular  distributions  of  heavy  ion  induced  secondary  electrons  (SE)  emitted  from  thin  foils  in 
the  forward  half  cone> .  Vithin  the  framework  of  a  model  for  the  refraction  of  low  energy 
electrons  at  surfaces  it  has  been  predicted'*  that  it  should  be  possible  to  detect  shock 
electrons  from  thick  solid  samples  in  backward  direction.  Also,  the  question  has  been  raised 
whether  SE  emission^  and  in  particular  the  collective  emission  of  shock  electrons*  is  in¬ 
fluenced  by  the  superconducting  phase  transition.  To  test  these  consi<’  rations,  we  have 
performed  first  studies  of  H*-  and  C*-  (2  HeV)  induced  SE  energy-  and  angular  distributions 
from  YBavCuiOv  and  EuBa2Cu3(h  high  Tc  superconductors  at  sample  temperatures  above  (T=300X)  and 
below  (T=35K)  the  superconducting  transition  temperature  {Te=90K). 

•In  collaboration  with  Karl-Ontjes  Groeneveld,  Markus  Schosnig,  Doainik  SchldPer, 

Kurt  Kroneberger,  Enio  da  Silveira  (Pontificia  Universidade  Catdlica,  Rio  de  Janeiro,  Brazil). 
*This  work  has  been  funded  by  the  German  "Bundesminister  fQr  Forschung  und  Tecbnologie”,  Bonn, 
FRG,  Nr.  060F173/Ti476 

*Nucl.Instrua.Meth.  848(1990)616  *J.Physique(Paris)  50(1989)C2-105  *Phys.Rev.  B38(1988)9224 
*K.Griepenkerl,B.Hailer,V. Greiner,  Radiation  Effects  and  "'ifects  in  Solids  110(1989)215 


EE  2  Spectroscopy  of  Hydrogenlike  and  Heliumlike  Uranium. 

J.  P.  BRIAND,  Universile  Pierre  et  Marie  Curie,  France.  (25  min.) 

EE  3  Angular  Scattering  in  Loir-Energy  Collisions  Involving  Multichaiged  Ions.* 

L.  R.  ANDERSSON,  Manne  Slegbahn  Institute,  Sweden.  (25  min.) 

(Talculaiions  of  the  angular  distribution  of  ions  resulting  from  charge  transfer  in  Ai^  -i-He  collisions  at 
energies  below  25  eV/  amu  have  been  carried  out.  The  calculadons  were  performed  both  by  a  MCLZ  nxxiel 
with  classical  nuclear  trajectories'  and  by  a  fully  quantal  model-potential  method.  The  results  were  compared 
to  ezpetimental  results  ^ving  both  the  scattering  angle  and  the  energy-gain  of  the  projectile  tons?.  After 
convolution  with  the  experimental  resolution,  the  two  theoretical  methods  give  essentially  the  same  angular 
distributions.  The  princqral  features  of  the  experimental  angular  and  <mergy-gain  distributions  for  one- 
electron  transfer  are  reproduced.  However,  structures  qrpearing  in  iJk  experimental  data  at  collision  energies 
below  about  13  eV/  runu  can  not  be  satisfactorily  explained  including  only  one-electron  transfer  channels  in 
tl  e  calculations.  The  experiments^  show  that  two-electron  transfer  into  non-auioionrzing  states  of  Ar*^ 
occurs.  The  presence  of  such  inelastic  channels  may  offer  an  cxplaination  of  the  angular  distributirms  for 
one-electron  transfer. 

*  Work  supported  in  pan  by  the  Swedish  Natural  Science  Research  Council 

In  coUaboraiitm  with  A.  Birdny,  C.  Biedermaru;,  H.  Cedenpiist,  M.  Gargaud,  RMcCarroU  and  lA.  Sellia 
'  LJl.  Andersson,  J.OP  Pedersen,  A  Bitdny,  IP.  Bangsgaard  and  P.Hvelplund,  JPhysB  22, 1603  (1989) 

^  C.  Biedetmann,  this  conference 


EE  4  Overview  of  Atomic  Physics  Experiments  at  GANIL.  J.P.GRANDKI,  GAKIL/CIRIL,  France.  (25  min.) 

GANIL  accelerator  located  at  Caen  (France)  provides  intense  beams  of  Carbon  to  Uranium  ions  with 
energies  ranging  from  100  MeV/amu  for  the  lightest  elements  to  20  MeV/amu  for  the  heaviest  (15  to  4 
MeV/amu  at  the  newly  operated  medium  energy  facility).  The  corresponding  velocity  range  thus  extends 
from  neon  K  shell  up  to  higher  than  xenon  K  shell  electron  velocity.  Excellent  optical  quality  beams  of 
bare,  or  very  few  electron  ior.s,  may  be  prepared  using  the  doubly  achromatic  magnetic  spectrometer 
LISE  (or  an  equivalent  device  at  the  medium  energy  line).  Atomic  Physics  experiments  performed  so  far 
includes : 

-  Atomic  Spectroscopy  experiments  which  mostly  aim  at  testing  relativistic  and  QED  calculations. 
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-Atomic  Collision  experiments  mainly  dedicated  to  the  very  study  of  elementary  collision  processes  or  to 
the  production  of  very  low  energy  multicharged  recoil  ions. 

-  Channeling  cperiments  which,  under  some  drastic  conditions,  allow  to  study  the  i..vv..-action  of  the 
projectile  ions  with  the  slowest  electrons  of  a  solid  target. 

Atomic  Physics  experiments  are  furthermore  closely  related  to  condensed  matter  physics  experiments 
which  are  devoted  to  the  study  of  the  consequences  of  the  huge  energy  deposited  in  the  targets  as  a 
result  of  the  slowing  down  of  the  ions  by  electronic  stopping  power. 


EE  5  A  Study  of  the  Polarization  of  Photons  in  Polarized  Electron>NobIe  Gas  Collisions.*''*' 

J.  E.  FURST,  University  of  Missouri — Rolla.  (20  min.) 

It  is  possible  to  determine  the  importance  of  the  spin-orbit  interaction  in 
electron-noble  gas  collisions  by  using  polarized  electrons  and  measuring  the 
polarization  of  the  radiation  emitted  in  the  collision.  For  example,  a  non-zero 
value  of  Hxf  which  is  the  linear  polarization  fraction  obtained  with  a  polarizer  set 
at  45°  and  135°  with  respect  to  the  electron  beam  axis,  indicates  the  presence  of 
significant  spin  orbit  effects  in  the  collision^.  A  method  for  separating  target  and 
continuum  electron  spin  orbit  effects,  using  well  L-s  coupled  excited  states,  will  be 
discussed.  He  will  present  a  comparison  between  jcatterlng  from  He,  where  spin-orbit 
effects  are  not  important  and  from  Xe,  where  they  may  be,  in  the  energy  range  from 
threshola  to  200  ev.  The  ">olarlzation  measurements  take  into  account  the  effect  of 
cascades  from  higher  states  and  the  influence  of  near  threshold  negative  ion 
resonances. 

'^supported  by  National  Science  Foundation  Grant  PKY  9007721  and  the  University  of 
Missouri. 

'*Hork  performed  in  collaboration  with  T.  J.  Gay,  J.  A.  Brand,  and  H.  K.  K.  P. 
Wijayratna. 

Bartschat  and  K,  Blum,  Z.  Phys.  A  1Q4,  85  (1982) . 


EE  6  How  Does  Rydberg  Charge  Transfer  Vary  Over  the  Intermediate  Velocity  Region?* 

K.  B.  MACADAM,  University  of  Kentucky,  (25  min.) 

The  relative  distribution  of  Rydberg  final  states  populated  In  capture  of  highly  excited 
electrons  from  Na  Rydberg  target  atoms  by  singly  charged  Ions  has  been  measured  throughout 
the  range  of  reduced  velocity  v  -  0.2  to  1.95,  Laser-excited  s  and  d  target  states  n  -  24  to 
33  were  studied  at  Ion  energies  from  60  to  2100  eV.  A  consistent  pattern  of  shifting,  broad¬ 
ening  and  skewing  has  been  observed  In  which  the  distributions  are  narrowest  In  n  near 
V  -  0.7.  At  this  same  velocity  the  most  probable  n  of  the  smoothly  peaked  distributions  Is 
highest,  generally  about  two  to  three  units  above  the  Initial  n.  The  ratio  of  orbital  kinet¬ 
ic-energy  spread  after  capture  to  Initial  rms  kinetic  energy  In  the  projectile  frame  before 
capture  shows  a  universal  behavior.  In  the  newest  experimental  work  the  velocity  dependence 
of  the.  total  charge- transfer  cross  section,  encompassing  all  final  Rydberg  states,  has  been 
measured  for  similar  energies  and  quantum  numbers,  and  consistent  patterns  of  variation  have 
b«»  •  observed.^ 

*Supportod  in  part  by  NSF  Grant  FHY-8808022. 

^Ihe  contributions  of  coworkers  L.G.  Gray,  R.G.  Rolfes,  S.B.  Hansen  and  E.  Horsdal- Pedersen 
are  gracefully  acknowledged. 


SESSION  EF:  ACCELERATOR  MASS  SPECTROMETRY 

Tuesday  afternoon,  6  November  1990;  Biology  Building,  Room  200  at  14:00;  W.  E.  Kieser,  University  of  Toronto,  presiding 


EF  1  Materials  Characterization  Using  Acceierator  Mass  Spectrometry. 

J.  M.  ANTHONY,*  Texas  Instruments,  Incorporated.  (20  min.) 

Accelerator  mass  spectrometry  (AMS)  has  b'acome  a  mature  technology  for  the  detection 
of  low  level  (lO'  at/cc)  radioisotope  cc  .icentrations  in  materials,  and  instruments 
devoted  to  the  analysis  of  stable  element  impurities  are  under  development*.  In 
general,  impurity  analysis  requires  less  sensitivity  but  a  broader  range  of 
detectability  than  conventit'nal  AMS  measurements.  Several  factors  must  be  considered 
in  any  attempt  to  optimize  the  performance  of  an  AMS  system  for  full  periodic  table 
coverage  in  all  solid  materials,  including  efficient  ionization  of  sputtered  particles 
and  a  careful  choice  of  isotope/charge  state  combinations  to  avoid  kinematic 
interferences.  Quantification,  insulator  analysis  and  sample  contamination  also  pose 
practical  problems  which  must  be  addressed.  This  paper  discusses  the  techniques  in 
use  at  the  University  of  North  Texas  to  optimize  AMS  for  routine  materials 
characterization  of  solid  samples.  This  Includes  investigations  of  the  relative 
ionization  rates  of  various  sputtered  elemental  and  molecular  ions  in  semiconductors 
and  efficient  algorithms  for  routine  mass  analysis  of  unknown  samples.  The  design  and 
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status  of  the  ultra-clean  ion  source  will  be  discussed,  and  detection  limits  of  the 
AHS  system  will  be  presented. 

’proceedings  of  the  Fifth  International  Conference  on  Accelerator  Mass  Spectrometry, 
Paris,  April  23  -  27,  1990 

*  In  Collaboration  with:  R.L.  Beavers,  T.J.  Bennet,  Texas  Instruments,  Dallas,  Texas, 
and  S.  Matteson,  D.J.  Marble,  D.L.  Weathers,  F.D.  McDaniel,  and  J.L.  Duggan,  University 
of  North  Texas,  Denton,  Texas 


EF  2  Biomedical  and  Ciinical  Applications  of  Accelerator  Mass  Spectrometry.* 

J.  C.  DAVIS,  Lawrence  Livermore  National  Laboratory.  (20  min.) 

The  very  high  sensitivity  attainable  and  small  sample  size  required  in  accelerator  mass  spectrometry  assay  of  long- 
lived  isotopes  have  made  this  nuclear  technology  an  obvious  candidate  for  extension  to  biomedical  and  clinical 
applications  since  its  first  demonstration.  Using  ’<C  compounds,  we  have  begun  applying  the  technique  to 
dosimetry  of  damage  caused  to  DNA  by  mutagens  and  carcinogens  at  exposure  levels  representative  of  normal 
human  diet  and  environment  and  have  begun  the  study  of  very  low  probability  biological  events.  With  clinical 
collaborators,  we  are  developing  assays  to  determine  drug  efficacy  and  techniques  to  allow  dose  reduction  in  both 
research  and  clinical  investigations.  Spectrometer  development  for  special  clinical  uses  is  in  progress.  The 
sensitivities  obtained  in  the  results  obtained  to  date  and  the  protocols  developed  to  allow  safe  usage  of  the  same 
spectrometer  for  natural  abundance  and  labeled  materials  will  be  discussed. 

*This  work  was  performed  under  the  auspices  of  the  U.  S.  Department  of  Energy  at  the  Lawrence  Livermore  National  Laboratory  under  contract 
W-7405-Eng-48. 


EF  3  A  Sputter  Negative  Ion  Source  for  AMS.* 

SI  HOUZHI,**  Shanghai  Institute  of  Nuclear  Research,  People’s  Republic  of  China.  (20  min.) 

A  high  intensity  Ca  sputter  negative  ion  source  for  AtS  application  has  been  constructed  and  tested. 

A  heated  spherical  tungsten  surface  with  an  extinction  hole  of  5  nm  in  diameter  acts  as  the  Cs  ionizer. 

A  target  tmeel  with  18  sample  positions  is  seperated  from  the  ionization  region  by  a  gate  valve.  The 
"cathode  insulator", usually  made  of  boron  nitride  in  Model  860  ion  sources,  was  removed  and  a  metal- 
ceramlo  bonded  ring  is  used  to  support  the  cathode  potential.  A  specially  designed  shield  structure 
arround  the  ionization  region  confines  the  Cs  vapor, prevents  it  from  condensing  on  the  Insulatore  and 
reduces  the  memory  effect  of  the  source  at  the  some  time.  The  source  is  being  tested  intensively  at  the 
ion  source  test  stand.  10/iA  of  BeO*  and  more  than  350 >iA  of  C-  beams  have  been  delivered  from  this 
source.  The  emittance  measurement  of  tfie  beam  is  now  under  way. 

'Supported  by  the  National  Natural  Science  Fundatlon  of  China 

“In  collaboration  with  ZHANG  HBIZH0NQ,ZHU  JlfmiA,DU  GUANCmAN, ZHANG  TIAORONG 


EF  4  Isobar  Separation  with  Ionization  Counters  in  AMS.  M.  SUTER,'  Paul  Scherrer  Institut,  Switzerland.  (20  min.) 

The  sensitivity  of  accelerator  mass  spectrometrey  (AMS)  depends  in  many  cases  on  isobaric  interferences,  and 
the  techniques  applied  to  separate  the  isobars.  In  this  paper  the  potential  and  limitations  of  ionization  counters 
for  isobar  separation  are  presented.  As  an  initial  approach,  a  model  detector  with  two  electrodes  is  discussed. 
The  energy  resolution  of  the  A£-signal  is  primarily  determined  by  the  energy  straggling  caused  by  charge  state 
fluctuations  of  the  project'''. '  ..sin  the  counter  gas  (and  entrance  foil).  With  semi-empirical  formulas  this  energy 
straggling  can  be  calculat  ,  .vi  -  function  of  the  initial  energy  and  the  energy  loss.  Based  on  this  information  the 
best  ratio  for  the  energy  loi  o .  iribution  between  the  two  electrodes  can  be  determined.  Assuming  gaussian  shaped 
peaks,  the  suppression  of  isuoars  can  be  estimated  for  various  energies  and  masses.  The  model  calculations  are 
compared  with  experimental  results  obtained  on  the  ®®C1-^S  system  in  the  energy  range  between  32  and  48  MeV. 
At  lower  ener^es  reasonable  agreement  has  been  found.  The  measurements  show  that  gaussian  shaped  peaks 
can  be  assumed  over  the  first  3  orders  of  magnitude.  Below  that,  large  angle  scattering  affects  the  pesdi  shape 
dramatically.  This  would  require  a  more  detailed  model  to  describe  the  suppression  at  higher  ener^es,  at  which 
the  peak  separation  is  larger.  Improvements  with  multielectrode  arrangements  and  appropriate  data  analysing 
systems  are  also  discussed. 

The  limitations  ^ven  for  ionization  counters  axe  compared  with  other  methods  used  for  isobar  separation  such 
as  gas  filled  magnet,  stripping  to  bare  ions  and  absorber  techniques. 

'  In  collaboration  with:  G.  Bonani,  H.J.  Hofmann,  Th.R.  Niklaus,  H.A.  Synal,  W.  WSlfli  and  U.  Zoppi,  ETH 
Zurich 


EF5  Probing  the  Environment  with  Accelcrator-Bascd  Techniques.  C.  TUNIZ,*  University  of  Trieste,  Italy.  (20  min.) 

Natural  and  anthropogenic  events  are  deteriorating  the  terrestrial  environment  with  global  effects  on  the 
atmosphere,  water  and  soil.  Greenhouse  effect,  ozone  layer  depletion,  acid  rain,  drought,  desertification 
and  heavy  metal  contamination  are  some  of  the  plagues  threatening  our  future.  Records  of  the  past 
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behaviour  of  the  terrestrial  environment,  preserved  in  natural  archives,  such  as  marine  sediments,  ice 
cores  and  tree  rings,  provide  useful  clues  to  the  interpretation  of  the  symptoms  preceding  significant 
environmental  modifications.  In  particular,  antarctic  ice  is  an  archive  recording  climatic  changes  on 
temporal  scales  of  hundreds  of  thousands  of  years.  Modem  analytical  techniques  based  on  particle 
accelerators,  originally  designed  for  fundamental  physics  experiments,  can  provide  useful  tools  to  assist 
in  these  studies.  For  example.  Accelerator  Mass  Spectrometry  (AMS)  measures  long-lived  cosmogenic 
isotopes  present  in  the  environment,  such  as  lOfie,  36ci  and  ^29i,  This  technique  has  been  applied 
to  investigate  soil  erosion  and  salinization,  ground  water  management,  nuclear  waste  disposal,  dating  of 
ancient  earthquakes,  etc.  The  AMS  measurements  of  radioisotopes  provide  important  chronological 
information.  Another  accelerator-based  technique,  Synchrotron-Radiation  Induced  X-ray  Emission 
(SRIXE),  can  be  used  to  study  the  distribution  of  heavy  metals  and  other  trace  elements  in  the 
environment.  SRIXE  microprobes  are  being  developed  to  map  trace  elements  in  micron-size  particles 
and  microorganisms  of  environmental  interest.  The  utility  of  these  advanced  methods  to  understand  the 
impact  of  natural  phenomena  and  human  activity  on  the  ecological  disequilibrium  will  be  discussed. 

*  In  collaboration  with  F.  Zanini  and  R.K.  Moniot 

EF  6  A  Dedicated  Gas-Filled  Magnet  Isobar  Separator  for  AMS  Applications.'  PETER  W.  KUBIK,  University  of  Rochester.  (20  min.) 

Th*  most  difficult  problem  in  msny  sccslorstor  mass  spectrometry  (AMS)  mesauremeots  is  the  rejection 
of  background  from  stable  isobars.  With  the  use  of  high  intensity  ion  sources  the  isobar  intensity 
will  increase.  We  have  shown  that  the  gas-filled  magnet  (GFM)  technique  can  reduce  the  isobsric 
background  in  a  36CI  AMS  system  by  at  least  two  orders  of  magnitude  (2).  A  dedicated  GFM  is  currently 
being  installed  in  our  beamline.  The  magnet  has  been  reconf igursted  for  transmission  of  ions  with 
large  mass-energy  products.  The  pole  face  gap  has  been  enlarged  to  accommodate  the  increased  beam 
size  in  the  low  pressure  gas  region.  The  pole  face  angles  can  be  adjusted  to  optimize  the  focussing 
properties.  The  new  configuration  of  the  University  of  Rochester  AMS  beam  line  will  be  described 
in  detail. 


1.  Supported  by  NSF  grant  EAR-8803803  and  EAR-8916369.  In  collaboration  with  R.  Tong  and  S.  Oatar 
Nuclear  Structure  Research  Laboratory,  University  of  Rochester,  Rochester,  NY  14627,  D.  Elmore  and 
T.  Miller,  Department  of  Physics,  Purdue  University,  W.  Lafayette,  IN  47907 

2.  P.W.  Kubik  ot  al.  Nucl.  Inatr.  and  Math.  B40/41  (1989)  741-744 


EF7  Recent  Developments  in  AMS  at  the  IsoTrace  Laboratory.  W.  E.  KIESER,  IsoTrace  Laboratory,  Canada.  (20  min.) 

In  the  past  year,  two  new  analytical  applications  have  become  available  at  IsoTrace;  the  measurement  of  *59/^i27j  p^tjos  in 
natural  materials  such  as  groundwater  and  marine  organic  materials,  and  the  in  -  situ  measurement  of  gold  and  platinum 
group  elements  in  sulphide  ores  *■’.  Procedures  and  detection  limits  for  these  applications  will  be  described.  Recent 
measurements  of  accuracy  and  sample  preparation  induced  contamination  in  radiocarbon  analysis  will  be  reviewed  ®  and 
progress  in  the  electric  field  dissociation  of  negative  ions  as  an  isobar  selection  tool  will  be  discussed  *. 

*  L.  R.  Kilius,  M.  A.  Garwan,  A.  E.  Litherland,  M-J.  Nadeau,  J.  C.  Rucklidge  and  X-L  Zhao,  Nucl.  Instr.  and  Methods 
B40/41  745-749  (1989). 

’  L.  R.  Kilius,  N.  Baba,  M.  A.  Garwan,  A.  E.  Litherland,  M-J.  Nadeau,  J.  C.  Rucklidge  and  X-L  Zhao,  Proc.  5th  Int. 
Symp.  on  AMS,  Nucl.  Instr.  and  Methods  (in  press)  IsoTtace  preprint  #90.04 
®  R.  P.  Beukens,  Radiocarbon  32  no.  3  (in  press)  IsoTrace  preprint  #89.04  . 

■'  M-J.  Nadeau,  A.  E.  Litherland  and  L.  R.  Kilius,  Proc.  5th  Int.  Symp.  on  AMS,  Nucl.  Instr.  and  Methods  (in  press) 
IsoTrace  preprint  #90.06 


SOCIAL  HOUR 

Tuesday  evening,  6  November  1990;  Union  Building,  Second  Floor  at  17:00 


SESSION  FA:  SYNCHROTRON  RADIATION  I 

Tuesday  evening,  6  November  1990;  Physics  Building,  Room  102  at  19:00;  B.  Johnson,  Brookhaven  National  Laboratory,  presiding 

FA  1  Atomic  Physics  Research  with  Second  and  Third  Generation  Synchrotron  Light  Sources.* 

BRANT  M.  JOHNSON,  Brookhaven  National  Laboratory.  (5  min.)  (Invited  Poster  Paper;  See  Poster  Display  PA  41) 

This  brief  talk  and  poster  is  intended  to  provide  an  introduction  and  overview  for  a  collection  of 
invited  presentations  on  atomic  (and  related)  physics  research  at  existing  and  planned  synchrotron 
light  sources.  The  emphasis  will  be  on  research  accomplishments  and  future  opportunities,  but  a 
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comparison  will  be  given  of  operating  characteristics  for  first,  second,  and  third  generation  machines. 
First  generation  light  sources  were  built  to  do  research  with  the  primary  electron  and  positron  beams, 
rather  than  with  the  synchrotron  radiation  itself.  Second  generation  machines  were  specifically 
designed  to  be  dedicated  synchrotron-radiation  facilities,  with  an  emphasis  on  the  use  of  bending- 
magnet  radiation.  The  new  third  generation  light  sources  are  being  designed  to  optimise  radiation 
from  insertion  devices,  such  as  undulators  and  wigglers.  Each  generation  of  synchrotron  light  source 
offers  useful  capabilities  for  forefront  research  in  atomic  physics  and  many  other  disciplines. 

‘Research  supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Sciences, 

US  Department  of  Energy  under  Contract  No.  DB-AC02-76CH00016. 


FA  2  Nuclear  Resonant  Bragg  Scattering.  P.  SIDDONS,  Brookhaven  National  Laboratory.  (20  min.) 

FA  3  Vibrational  Excitation  Effects  on  Core  Exciton  Spectra. 

W.  L.  O’BRIEN,  University  of  Tennessee,  Knoxville.  (5  min.)  (Invited  Poster  Paper;  See  Poster  Display  PA  39) 

The  effects  of  vibrational  excitations  on  core  spectra  of  solid  stale  systems  have  been  studied  In  a  number  of  cases  by 
comparing  results  from  spectroscopies  measuring  the  population  and  the  decay  of  the  core  hole  states.  Core  hole  decay 
spectra  are  dependent  on  the  rate  at  which  the  nuclei  rearrange  via  phonon  emission  and  the  lifetime  of  the  initial  state. 
Core  excltons,  being  well-defined  discrete  alomic-liko  excitations,  are  well  suited  for  these  studies.  In  cases  where 
they  can  be  resolved  ip  both  x-ray  absorption  and  emission  any  discrepancy  in  shape  and  energy  position  can  be  related 
to  the  relaxation  of  the  excited  state.  For  example  the  two  exciton  peaks  associated  with  the  Al  La  and  la  excitations  in 
AI2O3  have  been  found  to  shift  0.15  eV.  Our  results  will  be  discussed  In  terms  of  phonon  relaxation  theoryf  and  results 
in  the  literature. 

’G.  D.  Mahan,  Phys.  Rev.  B15,  4587  (1977). 

J-E.  Rubensson>  D.  R.  Mueller  and  D.  L.  Ederer,  NIST. 

J.  Jia,  Q.  Y.  Dong.T.  A.  Callcott ,  University  of  Tennessee,  Knoxville. 


FA  4  Photoionization  of  Ions  and  Laser-Excited  Atoms  at  Super  AGO.  T.  J.  MORGAN,  Wesleyan  University.  (20  min.) 

FA  5  Anisotropy  of  Polarized  X-Ray  Emission  from  Free  Molecules. 

S.  H.  SOUTHWORTH,  National  Institute  of  Standards  and  Technology,  Gaithersburg.  (5  min.) 

(Invited  Poster  Paper:  See  Poster  Display  PA  37) 

The  pcevioua  ob*ervaclon‘  of  polarized  x-ray  eolsslon  (fluorescence)  froa  free  aolecules 
demonscraced  ChaC  Ic  is  possible  Co  create  an  enseable  of  aligned  (spatially  anisotropic) , 
core-exclCed  aolecules  within  a  gas-phase  target  via  energy  and  polarization  selective 
excitation  with  x-rays.  In  Che  present  work  we  have  extended  Che  previous  studies*  by 
demonstrating  the  anisotropy  of  polarized  ealsslon.  These  effsets  present  an  unprecedented 
opportunity  for  observing  Che  x- radiation  field  pattern  from  free  molecules.  Specifically, 
CF]C1  molecules  were  phocoexclted  at  energies  near  the  Cl  K-edge,  and  the  resulting  Cl  K-V 
emission  war  analyzed  as  a  function  of  polarization  and  emission  angle.  The  different  symmetry 
types  of  th.s  emission  dipole  moment  for  the  different  valence  orbitals  Involved  give  rise  to 
distinctively  different  polarizations  and  anisotropic  emission  patterns.  The  measured 
anisotropies  are  In  good  agreement  with  the  theoretical  formulation*  when  values  for  the 
alignment  parameter  and  geometrical  factors  are  taken  In  the  classical  limit. 

*D.  U.  Lindle,  F.  L.  Cowan,  R.  E.  LaVllla,  T.  Jach,  R.  D.  DeslatCes,  B.  Karlin,  J.  A.  Sheehy, 

T.  J.  Gil,  and  P.  W.  Langhoff,  Phys.  Rev.  Lett.  52,  1010  (1988). 

*C.  H.  Greene  and  R.  H.  Zare,  Ann.  Rev.  Phys.  Chem.  12,  119  (1982), 


FA  6  K-Shell  Photoionization  of  Argon  Ions  Using  Synchrotron  Radiation  and  a  Penning  Ion  Trap.* 

S.  D.  KRAVIS,  Texas  A&M  University.  (20  min.) 

Argon  gas  was  pulsed  into  an  ultra-high  vacuum  environment  of  a  Penning  ion  trap  vacuum  chamber.  During 
the  gas  pulse,  Ar'^'^  ions  were  produce^  by  electron  impact  ionization  from  an  electron  beam  directed  through 
the  trap  end  cap  electrodes.  The  Ar^^  ions  were  then  stored  until  the  argon  partial  pressure  dropped  to 
background  levels,  after  which  focussed  broadband  synchrotron  radiation  with  energy  above  the  argon  K-shell 
was  pulsed  through  slots  in  the  ion  trap  ring  electrodes,  ionizing  the  Ar^'*'  ions.  The  ions  were  detected 
on  a  m/q  basis  by  resonance  of  the  ion  axial  motion  with  a  tuned  circuit  driven  at  resonance.  Backgrounds 
due  to  possible  photoionization  of  residual  argon  atoms  and  due  to  ions  other  than  Ar'^'*'  produced  by  the 
electron  beam,  were  recorded  and  subtracted.  The  resulting  charge  state  distribution  probability  following 
vacancy  cascading  will  be  compared  with  that  of  a  neutral  argon  target  and  available  theory. 

*This  research  was  supported  by  the  National  Science  Foundation  and  the  Department  of  Energy. 


FA  7  Photoion  Auger-Elcctron  Coincidence  Measurements  Near  Threshold.* 

JON  C.  LEVIN,  University  of  Tennesssee,  Knoxville  and  Oak  Ridge  National  Laboratory.  *  (5  min.) 

(Invited  Poster  Paper:  See  Poster  Display  PA  22) 

The  vacancy  cascade  which  fills  an  atomic  inner-shell  hole  is  a  complex  process  which  can  proceed  by  a  variety  of 
paths,  often  leading  to  a  highly  charged  residual  ion.  We  have  measured  simplified  argon  photoion  charge  distri¬ 
butions  by  requiring  a  coincidence  with  a  K  LL  or  K-LM  Auger  electron,  following  K  excitation  with  synchrotron 
radiation,  as  a  function  of  photon  energy.  The  distribution  ..xhibit  a  much  more  pronounced  photon-energy 
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dependence  than  do  the  more-complicated  non-coincident  spectra.  In  the  near  K-threshold  region,  shakeoff  of  np 
levels,  populated  by  resonant  excitation  of  K-electrons,  occurs  with  significant  probability,  as  do  double-Auger 
processes  and  recapture  of  the  K  photoelectron  through  post-collision  interaction. 

*  Work  supported  in  part  by  the  National  Science  Foundation  and  by  the  U.S.  Department  of  Energy  under  contract 
No.DE-AC05-840R21400  with  Martin  Marietta  Energy  Systems  Inc. 

*In  collaboration  with  C.  Biedermann,  N.  Keller,  R.  T.  Short,  and  I.  A.  Sellin  (UTK/ORNL),‘L.  Liljeby  (MSI, 
Stockholm,  Sweden),  and  D.  W.  Lindle  (NIST). 


FA  8  Molecular  Studies  Using  Imaging  Timc-of-Flight  Techniques. 

M.  MERON,  Brookhaven  National  Laboratory.  (5  min.)  (Invited  Poster  Paper;  See  Poster  Display  PA  44) 

FA  9  The  Advanced  Light  Source  at  LBL.  *  A.  L.  ROBINSON,  Lawrence  Berkeley  Laboratory.^  (20  min.) 

Construction  of  the  Advanced  Light  Source  (ALS)  at  the  Lawrence  Berkeley  Laboratory  recently  passed 
^he  hdf-way  point.  Scheduled  to  begin  operation  as  a  U.S.  Department  of  Energy  national  user  facility 
in  Jie  spring  of  1993,  the  ALS  is  a  third-generation  synchrotron  source  based  on  a  low-emittance,  1.5- 
GeV  electron  storage  ring  with  10  long  straight  sections  available  for  insertion  devices  and,  initially, 

24  bend-magnet  ports.  Undulators  will  provide  high-brightness  radiation  to  photon  energies  above  2 
keV;  wiggler  and  bend-magnet  relation  will  extend  the  spectral  coverage  with  high  fluxes  to  above  10 
keV.  The  status  of  ALS  construction,  with  an  emphasis  on  experimental  facilities,  and  progress 
toward  establishment  of  the  initial  scientific  program,  including  opportunities  for  industrial 
participation,  will  be  reviewed. 

^This  work  was  supported  by  the  Director,  Office  of  Energy  Research,  Office  of  Basic  Energy  Sciences, 

Division  of  Materials  Sciences,  of  the  U.S.  Department  of  Energy  under  Contract  No.  DE-AC03- 
76SF00098. 

2ln  collaboration  with  A.S.  Schlachter,  Lawrence  Berkeley  Laboratory 
FA  10  Atomic,  Molecular,  and  Optical  Physics  with  X  Rays. 

D.  W.  LINDLE,  National  Institute  of  Standards  and  Technology,  Gaithersburg.  (20  min.) 

With  the  advent  of  new  third-generation  eynchrotron-radiation  sonrees  now  being  bniit,  research  in  the  areas  of  atomic,  molecular,  and 
optical  physics  using  x-rays  from  these  insertion-device-based  facilities  is  expected  to  experience  a  renaissance.  Many  of  the  most  sought 
after  experimental  goals  in  these  areas  of  research  will  become  possible  and/or  routine.  To  highlight  some  of  the  exciting  possibilities, 
some  specifle  examples,  sndi  as  the  x-ray  and  Anger  resonant-Raman  effect  and  polarized  molecular  x-ray  emUsion,  sxe  discnsied. 
Finally,  specific  plans  for  buplementation  of  an  x-ray  synchrotron-radiation  beamline  dedicated  to  atomic,  molecular,  and  optical  physics 
at  the  Advanced  Light  Source  are  presented,  with  emphasis  on  the  enhanced  capabilities  that  will  be  available  at  this  state-of-the-art 
facility, 


FA  11  Atomic  Physics  Experiments  Using  VUV  and  Soft  X  Radiation.  D.  CALDWELL,  University  of  Central  Florida.  (20.  mm.) 

FA  12  Atomic  Physics  at  the  Advanced  Photon  Source.*  Y.  AZ\}MA,Argonne  National  Laboratory.  (20  min.) 

Ground  has  been  broken  for  the  construction  of  the  new  7-GeV  synchrotron  light  source  -  the 
Advanced  Photon  Source  (APS)  -  at  Argonne  National  Laboratory,  and  the  source  will  be  ready  for 
experisents  in  1995.  The  unsurpassed  brightness  and  photon  energy  of  the  APS  in  the  hard  X-ray 
region  stake  possible  a  vast  array  of  new  research  opportunities  for  the  atomic  physics 
community.  A  number  of  such  possibilities  were  discussed  at  the  Workshop  on  Atomic  Physics  at 
the  Advanced  Photon  Source,  held  at  ANL  in  March,  1990.  A  summary  of  this  workshop,  as  well  as 
the  Argonne  Initiative  to  establish  a  dedicated  atomic  physics  experimental  station  on  an 
undulator  beam-line,  will  be  discussed. 

*Thls  research  was  supported  by  the  U.S.  Department  of  Energy,  Office  of  Basic 
Energy  Sciences,  under  contract  V-31-109-EHG-38. 


SESSION  FB:  ION  IMPLANTATION 

Tuesday  evening,  6  November  1990;  Union  Building,  Room  411  at  19:00; 

R.  F.  Pinizzotto,  University  of  North  Texas,  presiding 

FB  1  Metal  Ion  Implantation  into  M50  and  T1  Bearing  Steels  for  Improved  Corrosion  Resistance.* 

B.  TORP,  B.  R.  Nielsen  Danfysik  A/S,  Denmark.  (25  min.) 

In  order  to  improve  service  life  and  reliability  of  rolling  bearings  in  gas 
turbine  engines  a  BRITE  project  has  been  started,  to  improve  the  corrosion 
behavior  of  bearing  components  by  ion  implantation'*'. 

Prior  to  implanting  into  bearing  components,  test  specimens  of  the  main  aero 
bearing  steels  M50  and  T1  implanted  with  different  species  (Chromium, 
Tantalum  and  Yttrium  +  Nitrogen)  and  doses  have  been  characterised  by  RES 
and  HRA  techniques,  to  determine  the  implantation  and  purity  by  independent 
means.  Systematic  tests  have  been  performed  to  measure  the  corrosion 
resistance  of  the  treated  surfaces  in  order  to  define  the  optimum  treatment. 
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In  order  to  be  able  to  make  implantations  into  bearing  raceways  and  balls  a 
manipulator  dedicated  for  this  purpose  will  be  developed.  Test  bearings 
implanted  with  the  optimum  dose  and  ion  species  will  be  tested  at  high 
temperature  and  in  corrosive  environment  before  the  ultimative  test  on 
implanted  Rolls  Royce  GEM  engine  bearings. 

The  status  and  progress  of  the  project  will  be  reported,  and  results 
obtained  so  far  will  be  discussed. 

*  This  project  is  funded  by  the  EEC  under  BRITE/EURAM  contract  no.  RIlB-284. 

Co-workers:  C.M. Rangel,  M.H.Simplicio,  A.C.Consiglieri,  M.F. DaSilva  and 
F.Paszti,  LNETI  Portugal.  J.C. Soares,  University  of  Lisbon  Portugal.  A. Dodd 
and  J. Kinder,  RHP  Bearings  Ltd.  Newark  England. 


FB  2  High-Energy  Implantation  at  the  University  of  Surrey.  K.  G.  STEPHENS,  University  of  Surrey,  England.  (25  mm.) 

The  growing  technical  significance  of  the  ability  to  isplant  ions  at  energies  above  400  keV  will  b. 
deaonstrated  by  several  quite  different  experinents. 

In  GaAs  three  exawples  are  given.  Firstly  the  use  of  eeleniia  as  a  donor,  instead  of  silicon,  has  aoae 
advantages,  bat  necessitates  the  availability  of  Se  ions  at  1  MeV  or  aore.  Soee  good  electrical 
pocofiles  using  Se"*^  at  500  kV  will  be  shown.  Secondly,  to  avoid  channelling  t2dlB  fro*  iaplants,  high 
energy,  Ga'*'  and  As'^  ions  were  used  to  aaorphise  the  substrate,  prior  to  an  ijqtlant  of  an  active  ion. 
Thirdly  Kltlple  quantua  well  structures  of  GaAs  and  Al^  26^0  74^  layers  have  been  disordered 
ijq>lanting  either  boron  or  fluorine  ions  in  order  to  provf%  waveguides  with  a  low  loss.  This  iaqpurit 
induced  disordering  process  has  also  been  ig>plied  to  buried  double  quantum  well  waveguide  structurse 
and  some  recent  results  will  be  presented. 

m  silicon,  saiQjles  %»ere  implanted  at  low  energies  with  arsenic  or  antimony  ions  prior  to  1  MeV 
implants  of  silicon  ions.  Rutherford  backscattering  was  used  to  ascertain  whether  arsenic  or 
antimony  atoms  fora  precipitates  or  redistribute  as  a  result  of  the  high  energy  silicon  Implant. 

Much  of  this  work  has  been  carried  out  in  ijqplanters  with  a  voltage  limitation  of  SOO  kv  tfaroogh  the 
successful  developae^^  of  ion  sources  which  produce  usable  beams  of  doubly  and  triply  charged  ions  anf 
these  develc^xsents  %d.ll  be  described.  However  in  the  near  future  a  2  MV  win  be 

and  future  plans  for  the  use  of  this  machine  will  ooiq>lete  this  survey. 


FB  3  Investigation  and  Characterization  of  Space  Materiais.*  J.  S.  C.  McKEE,  University  of  Manitoba,  Canada.  (25  min.) 

The  facilities  of  the  Accelerator  Centre  at  the  University  of  Manitoba  have  been  used 
recently  In  the  study  of  materials  of  particular  relevance  to  the  aerospace  Industry  and  to 
the  construction  of  space  vehicles.  Amorphous  silicon,  titanium  carbide,  composite  and  other 
materials^  have  been  studied  by  Implantation  and  radiation  damage  techniques.  Surfaces  have 
been  examined  using  the  method  of  Inelastic  light  (Raman)  scattering,  and  attempts  have  been 
made  to  simulate  exposure  to  the  solar  wind  in  the  laboratory.  Conclusions  relating  to  the 
appropriateness  of  the  use  of  certain  refractory  materials  In  the  construction  of  space 
vehicles  are  reached,  and  the  nature  of  damage  to  such  materials  discussed. 

Supported  in  part  by  the  Natural  Sciences  and  Engineering  Research  Council  of  Canada. 


FB  4  Proton-Induced  Displacement  Damage  Fluctuations  in  Silicon  Micro-Volumes. 

P.  W.  MARSHALL,*  Naval  Research  Laboratory.  (25  min.) 

Particle-induced  displacement  damage  degrades  semiconductor  properties  by  introducing  localized 
energy  states  which  increase  generation  dark  current,  recombination  and  charge  trapping.  Average 
proton-induced  damage  in  bulk  Si  is  proportional  to  the  average  nonionizing  energy  loss  resulting 
from  elastic  and  inelastic  interactions.  On  a  microvolume  scale,  however,  average  damage  is  a  poor 
indicator  of  damage  effects  since  fluctuations  in  energy  deposition  arc  unavoidable.  Calculations  of 
the  first  and  second  moments  of  damage  energy  distributions  from  coulombic  collisions  and  from 
nuclear  interactions  at  a  given  incident  proton  energy  are  incorporated  into  a  model  describing  the 
probability  of  damage  as  a  function  of  the  proton  flusnce  and  the  sensitive  volume  in  Si. 
Comparisons  between  the  predicted  and  measured  leakage  currents  in  Si  imaging  arrays  illustrate 
how  the  Poisson  distribution  of  higher  energy  nuclear  reaction  recoils  affects  the  variance  in  the 
distribution  of  damage  across  the  a:  ray. 

*AIso  C.J.Dale,  E.A.Burkc  and  G.P.Summcr3. 


SESSION  FC:  NUCLEAR  MICROPRODES 

T'uesday  evening,  6  November  1990;  Union  Building,  Room  412  at  19:00;  B.  L.  Doyle,  Sandia  National  Laboratory,  presiding 

FC  1  High-Resolution  Techniques  for  the  Scanning  Proton  Microprobe.  A.  SAINT,  Tkt  University  of  Melbourne,  Australia.  [20  mii,.> 

The  technique  of  Scanning  Transmission  Ion  Microscopy  (STIM)  will  be  discussed  in  the  hght  of  it’s  applica 
to  high  resolution  imaging  using  a  Scanning  Proton  Microprobe  (SPM).  This  technique  was  first  annoui 
simultaneously  by  the  Micranalylical  Research  Centre  and  the  University  of  Oregon  in  1983.  Using  the  I 
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bourne  microprobe  we  have  obtained  STIM  images  of  a  silver  grid  indicating  a  resolution  of  50mn.  These  im 
provide  information  on  the  areal  density  of  the  sample  and  can  thus  be  used  to  provide  a  mass  normalisa 
of  PIXE  images  of  the  same  region  as  well  as  a  high  resolution  image  of  the  sample. 

The  STIM  technique  can  also  be  allied  with  Computer  Aided  Tomography  (CAT)  to  provide  high  resolu 
3-dimensional  images.  Recently  we  have  also  experimented  with  Channeled-STIM  to  provide  crystallogra 
information  on  single-crystal  samples.  Other  possible  extensions  to  these  techniques  will  also  be  discussed. 

FC  2  Imaging  of  Thin  uioio^cal  Sections  Using  STIM  and  Related  Techniques — A  Comparative  Study. 

J.  PALLON,  Lund  Institute  of  Technology,  Sweden.  (20  min.) 

When  using  the  nuclear  microprobe  for  elemental  analysis,  it  can  be  a  critical  task  to  locate  the  areas  of  significance  on  the  sample. 
Besides  from  usin^  an  ^tical  microscope,  information  produced  by  the  scanning  beam  is  of  interest.  Tbe  aim  of  this  study  is  to 
evaluate  different  imaging  techniques  with  the  purpose  of  obtaining  as  high  resolution  as  possible  on  low-contrast  samples  like 
biological  sections. 

Besides  fnxn  SUM,  scanning  transmission  ion  microscopy,  detection  of  secondary  electrons  and  forward/backward  scattered  particles 
is  done.  High  resolution  STIM  is  performed  by  closing  down  the  objective  slits  and  putting  the  detector  at  zero  degrees,  using  a  beam 
(tf  only  some  1000  ions/s.  Images  producnl  online  from  the  energy  loss  information  is  us^  when  selecting  the  area  to  irradiate.  If 
combined  with  data  from  scattered  p^cles,  collected  simultaneously  with  PIXE  in  a  subsequent  analysis  on  the  same  area,  valuable 
infotmadon  of  beam  induced  irradiadon  losses  can  be  obtained. 

FC  3  Accelerators  are  Essential  Tools  in  Minerals  Research.  S.  H.  SIE,  CSIRO  Exploration  Geoscience,  Australia.  (20  min.) 
Application  of  accelerator  based  analytical  methods  in  minerals  research  has  steadily 
crossed  experimentation  stages  for  a  wide  range  of  areas  and  Ijecome  essential  in  a 
number  of  cases.  The  progress  has  been  spearheaded  mainly  by  PIXE  with  microbeams, 
but  the  other  techniques  (RBS,  NRA)  are  rapidly  gaining  acceptance  as  well.  The  paper 
will  review  the  state  of  art,  and  conditions  conducive  to  wider  acceptance,  with 
illustrations  drawn  from  applications  in  igneous  mineralogy  and  petrology,  and  their 
implication  in  minerals  exploration  research. 


FC  4  Medical  Applications  of  Nuclear  Microscopy.  U.  LINDH,  Uppsala  University,  Sweden.  (20  min.) 

Nuclear  microscopy  Is  Che  use  of  a  finely  focussed  beam  of  charged  particles  co  extract 
structural  Information  from  a  aaaq>le.  In  biomedicine,  the  samples  nay  he  Individual  cells 
or  tissue  sections.  Ths  Increasing  Interest  In  trace  elements  has  motivated  nuclear 
microscopy  of  Che  islets  of  Langerhans  and  surrounding  tissue  In  pancreas  cryosectlons 
from  experimental  animals.  The  incitamant  of  these  Investigations  was  the  possible  cole 
of  trace  elements  for  Insulin  secretion  and  correlations  with  Important  elements  such  as 
calcium.  The  regulation  of  secretion  has  direct  consequences  for  diabetes.  The  studies 
In  Uppsala  used  non-lnbred  obese-hyperglycemic  alee  either  fed  ad  lib.  or  starved 
overnight^,  normal  and  genetically  diabetic  hamsters^  and  diabetic  (C57BL/KsJ-db/db)  and 
normal  (C57BI,/KsJ-d:/l)  alce^.  The  results  of  these  experiments  Illustrated  with  elemental 
maps  and  multivariate  statistical  analysis  are  presented  and  discussed.  Some  thoughts 
about  the  Impact  of  nuclear  microscopy  In  medicine  and  trace  element  biology  will  also 
be  forwarded. 


*U.  Llndh,  L.  Juntti-Berggren,  P.-O. 
55  (1985), 

^I..  Juntti-Berggren,  U.  Llndh,  P.-O. 

-Berggren,  U.  Llndh,  P.-O. 


(1987). 

^L.  Juntci 


10,  217  (1990). 


Berggren  and  B.  Heilman,  Blomed.  Biochim.  Acta 
Berggren  and  B.J.  Frankel,  Bioscl.  Repts.  7_,  33 
Berggren,  0.  Berglund  and  B.J.  Prankel,  Bioscl.  Repts. 


FC  5  Ion  Microtomography  Using  Time-of-FIight  Defection.*  A.  E.  PONTAU,  Sandia  National  Laboratories,  Livermore.^  (20  min.) 

The  practical  application  of  Ion  Microtomography  (IMT)  can  be  limited  by  data  acquisition 
rate.  To  provide  full  3-dimensional  density  distributions  for  extended  objects  with  fine 
spatial  resolution,  IMT  requires  huge  data  sets.  For  example,  a  512  x  512  x  512  volume 
element  rendition  requires  over  200  million  accurate  density  determinations,  each  derived 
from  several  to  hundreds  of  individual  ion  energy  loss  measurements.  In  previous  studies,  we 
have  described  IMT  based  on  transmitted  ion  energy  losses  measured  using  silicon  surface 
barrier  detectors.  The  detector  and  associated  electronics  have  limited  acquisition  rates  to 
less  than  about  20,000  ions  per  second.  In  this  work,  we  describe  our  first  studies  using 
time  of  flight  analysis  to  derive  energy  losses.  Start  and  stop  timing  pulses  come  from 
secondary  electrons  produced  as  the  transmitted  ion  passes  through  the  specimen  or  through 
subsequent  thin  carbon  films.  We  report  improvements  in  data  acquisition  rate  and  evaluate 
limits  for  density  sensitivity  using  this  technique. 

'This  work  supported  by  the  U.S.  Department  of  Energy  under  contracts  DE-AC04-76P00789 
and  W-7405-Eng-48. 

1  Contributing  authors:  D.  H.  Morse,  A.  J.  Antolak,  and  B.  N.  Handy,  Sandia  National 
Laboratories,  Livermore,  CA,  M.  Roberts  and  D.  L.  Wairup,  Lawrence  Livermore  National 
Laboratory,  Livermore,  CA. 
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FC  6  Ultrahigh  Resolution  Focused  Ion  Beams  in  Semiconductor  Device  Research, 

R.  L.  KUBENA,  Hughes  Research  Laboratories,  Malibu.  (20  min.) 

Recent  advancements  in  our  understanding  of  the  ion  optics  of  focused-ion-beam  (FIB) 
systems  using  high  brightness  liquid  metal  sources  have  led  to  improved  system  resolution. 
Currently,  we  are  able  to  form  50-keV  focused  Ga  beams  with  ISnm  spot  diameters  (FWHM)  and  lOpA 
target  current.  At  these  dimensions,  such  beams  are  proving  to  be  useful  tools  for  the  study  of 
nanofabrication  and  quantum  effects  in  electronic  materials.  We  have  found,  for  example,  that 
feature  sizes  in  thin  resist  layers  such  as  PMMA  can  be  predicted  fairly  accurately  using  only 
beam  profile  and  resist  contrast  data.  Effects  such  as  secondary  electron  range,  ion 
scattering,  and  atomic  recoil  are  apparently  not  predominant  for  feature  sizes  larger  than  about 
lOnra.  In  addition,  the  throughput  can  compet'e  favorably  with  state-of-the-art  electron  beam 
systems.  We  will  present  several  device  applications  for  quantum  electronics. 


FC  7  Application  of  Channeling  Scanning  Transmission  Ion  Microscopy. 

M.  CHOLEWA,  The  Uniuersity  of  Melbourne,  Australia.  (Smin.)  (Invited  Poster  Paper.  See  Poster  Display  PB'44) 

Scanning  IVansmission  Ion  Microscopy  (STIM)  has  been  used  in  conjunction  with  channeling,  to  explore  tri 
mission  channeling  in  thin  epitaxially  grown  n  type  silicon  crystal.  Beams  of  1  MeV  and  3.9  MeV  ff"*"  and  of 
MeV  were  used  with  beam  currents  of  0.1  fA.  focussed  to  spot  sizes  of  less  than  200  nm.  Part  of  the  san 
was  damaged  in  the  channel  direction  with  the  same  beam  focussed  to  ~16  fim  diameter  spot  size  and  cun 
up  to  2  nA.  Theoretical  calculations  predict  the  behaviour  of  collected  energy  spectra  in  both  the  random 
the  channel  direction. 

The  Channeling  STIM  (CSTIM)  technique  can  be  100%  efficient,  the  analysis  is  achieved  in  a  short  time  ^ 
negligible  damage,  compared  to  backscattering  Channeling  Contrast  Microscopy  (CCM),  and  it  is  capabl 
very  high  resolution  (  50  nm ),  These  features  can  be  succesfuUy  applied  to  the  investigation  of  crystal  dan 
and  small  size  imperfections  in  samples  tran^arent  to  the  beam. 


SESSION  FD:  ACCELERATORS  TECHNOLOGY 

Tuesday  evening,  6  November  1990;  Union  Building,  Golden  Eagle  Suites  B  and  C  at  19:00; 
J.  Lin,  Hewlett  Packard  Labs  and  L.  K.  Farris,  LTV  Corporation,  presiding 


FD  1  A  3-MV  Pelletron  for  Materials  Research  at  Heidelberg. 

P.  OBERSCHACHTSIEK,  Max-Planck-Institut  fur  Kernphysik,  Federal  Republic  of  Germany.  (20  min.) 

This  year,  we  have  been  reconstructing  three  beam  lines  for  materials  modification  and  analyiia  at  a  3  MV  tandem 
facility  delivered  by  NEG/EII,  Middleton,  USA.  The  0°  beam  line  will  be  operated  for  nuclear  reaction  analym,  with 
particular  emphasis  for  H  profiling.  An  in-line-low-level  7-ray  detection  system  together  with  an  automatic  energy 
scanning  device  will  allow  for  both  sensitive  and  fast  impurity  depth  profiling.  The  25°  beam  line  has  been'ontlayed 
for  high  energy  Rutherford  backscattering  work  mainly  using  a-particles  in  the  energy  range  between  1-10  MeV.  A 
24-s^meut  Si  detector  together  with  improved  pile-up  rejection  electronics  has  been  designed  to  yield  a  100-fol.d 
enhancement  in  counting  rate  capability  over  the  standard  one-detector  arrangement.  The  low  energy  backscattering 
fadlity,  located  at  the  45°  beam  line,  employs  an  electrostatic  analyser  for  ultimate  depth  resolution  in  near-surface 
refpons.  Resolutions  of  about  1  nm  have  been  obtained  with  a-particles  of  up  to  1  MeV  energy.  In  addition,  a  lab 
ion  source  type  of  implanter  will  be  coupled  to  the  ta-'^et  station  in  order  to  facilitate  in-situ  implantation  analysis 
of  shallow  implants  within  about  100  nm  depth.  First  results  demonstrating  the  capability  of  our  set-up  will  be 
reported  including  data  on  the  Pelletron  performance  itself. 


FD  2  Experience  with  14.UD  Pelletron  at  Tata  Institute  of  Fundamental  Research. 

K.  G.  PRASAD,  Tata  Institute  of  Fundamental  Research,  India.  (20  min.) 

The  14UD  Pelletron  facility  was  set  up  at  TIFR  under  a  joint  BARC-TIFR  Project*  and  became 
operational  in  Deceml^r  1988.  Several  expwimems  in  yarioqs  disciQlines  have  been  started  with 
beams  like  “H,  ^He,  °>'Li,  *°0,  *°F,  ^'Al,  ^%i,  j^'Cl  etc.  ions.  The  energy 

calibration  of  the  accelerator  for  system  was  carried  out  using  the  ‘^(p,Y)  resonance  reaction 
at  proton  energy  of  14.231  MeV.  There  have  been  three  chain  breaks.  We  have’  encountered  vacuum 
problems  in  the  beam  transport  system.  'The  installation  of  the  double  harmonic  buncher  for  pulsing 
the  ion  beam  necessiated  the  realignment  of  the  injector  beam  line.  The  remedial  measures  taken 
to  overcome  the  above  and  several  other  problems  will  be  discussed,. 


K.G.  Prasad,  Nucl.  Inst,  and  Methods  B  40/41  (1989)  916. 


Vol.  35,  No.  8  (1990) 


1745 


Tuesday  Evening 


FD  3  An  Overview  of  the  Ion-Beam  Analysis  Laboratory  at  White  Oak. 

J.  L.  PRICE,  Naval  Surface  Warfare  Center,  White  Oak.  (20  min.) 

The  Naval  Surface  Warfare  Center  (NSWC)  at  White  Oak  is  completing  a  major  upgrading  of  its 
positive-ion  accelerator  facilities  dedicated  to  the  study  of  ion-atom  collisions  and  ion- 
beam  analysis  of  materials.  At  the  heart  of  the  facility  is  a  new  National  Electrostatics 

Corporation  3  MV  tandem  accelerator  which  replaced  a  2.5  MV  van  de  Graaff.  There  are  two 

ion-sources  available  which  will  enable  the  accelerator  to  produce  an  ion  from  nearly  any 
element  in  the  periodic  table.  Mass-energy  control  is  defined  by  a  90  degree  analyzing 
magnet.  A  downstream  switching  magnet,  allows  for  the  establishment  of  five  separate  beam 
lines.  Currently  three  beam  lines  are  in  operation;  an  RBS  &  PIXE  analysis  system,  an  NRA 

analysis  system,  and  an  experimental  line  for  measuring  the  stopping  powers  of  ions  in 

gases.  In  addition  to  numerous  PC's  for  data  manipulation,  a  VAX  computer  system  is  being 
upgraded  to  perform  computer  controlled  acquisition  and  analysis  of  spectral  data.  Details 
on  the  upgrade  will  be  presented  as  well  as  recent  results  of  ion-beam  analysis. 


FD4  3-MV  Pciletron  Accelerator  at  IPAS.  E.  K.  LW,  Academia  Sinica,  Republic  of  China.  (Smin.) 

(Invited  Poster  Paper:  Sec  Poster  Display  PB  58) 

A  new  accelerator  laboratory  was  established  at  the  Institute  of  Physics,  Acadeaia 
Sinica  (IPAS),  in  Taipei,  we  have  installed  a  3  HV  9SDH-2  Pelletron  tandea  systea 
froB  ion  sources  to  target  chaabers  for  basic  and  applied  research.  A  wide  range 
of  ion  beaa  species  froa  proton  to  Zr  have  been  acceleratord.  The  perforaance 
of  the  beaa  test  is  satisfactory.  Three  beaa  lines  have  been  set  up  to  be 
used  for  experfaents  in  atoaic  physics,  low-energy  nuclear  physics  and  applied 
technology.  Brief  description  of  ongoing  experiaents  is  presented. 

s  Visiting  Professor,  peraanent  address:  Departaent  of  Physics,  University  of 
Delaware,  Newark,  Delaware. 


FD  5  The  Accelerator  Installation  at  Union  College.  C.  C.  JONES,  Union  College,  Schenectady.  (20  min.) 

A  one  ■lllloa  teralnal  volta  tandan  accelerator  was  Installed  in  January  1990  replactag  a 
400  Kev  Van  de  Orasff  aacMne  which  has  been  in  use  since  19S5.  Sesearcb  and  laboratoiy 
esperience  is  thus  aade  available  to  undergraduates  from  union  and  other  area  institutions 
using  2  MsV  protons  or  3  MeV  alpha  particles.  He  have  done  elastic  sostteting,  obarged 
particle  nuclear  reactions,  channeling,  R.B.S.  (Kutberford  beck  scattering)  and  PXZX 
(proton  induced  z-ray  anlasion)  szperlJMnts,  soaetlses  as  laboratory  exercises  with 
associated  courses,  end  soawtiaes  as  undergraduate  research  projects. 

FD  6  An  Overview  of  the  Ion  Beam  Laboratory  at  Beijing  Institute  of  Physics. 

J.  LIU,*  Chinese  Academy  of  Sciences,  Beijing,  People's  Republic  of  China.  (20  min.) 

A  multi-user  MeV  ion  beam  system  has  been  installed  and  has  been  operating  since  1983.  It  has 
being  used  for  research  projects  in  different  area  such  as  solid  state  physics,  material  science  and 
atomic  physics.  The  operational  characteristics  and  experiences,  modifications  and  end-station 
developments  are  discussed.  The  system  is  based  on  2x1.7  MV  Tandetron  small  accelerator 
(General  lonex  Corporation,  USA  )  which  has  a  negative  sputtering  ion  source  and  a  home-made 
cold  cathode  Penning  ion  source  with  a  charge-exchanger.  Almost  All  elements  ions  can  be 
extracted  in-to  three  low  angle  beam  lines  with  a  big  switching  magnet.  There  are  five  beam  lines 
were  installed.  A  summary  of  the  beam  lines  that  are  being  constructed  for  the  activities  of  the 
laboratory  will  also  be  given.  These  include:  Rutherford  backscattering  spectrometry  (RBS), 
channeling  analysis,  particle-induced  X-ray  emission  (PIXE),  nuclear  reaction  analysis  (NRA), 
clastic  recoil  detection  analysis  (ERDA),  high-energy  ion  implantation  (HEII),  proton  microprobe, 
atgmic  collision  system  with  different  optical  measurements,  and  a  cross-beam  RBS-Implantation 
end-station  coupled  with  a  200  keV  implanter.  The  multi-charged  ion  .beams  are  often  used  to 
get  higher  energy  with  sufficient  particle  beam  current.  Research  activities  in  this  ion  beam 
laboratory  include  material  modification  and  characterization,  solid  state  physics,  atomic  physics, 
environmental  science  and  proton  microscopy  for  biomedical,  archaeology  and  geoscience 
investigators.  Some  typical  projects  at  this  system  are  introduced  and  examples  of  current 
research  results  will  also  be  presented. 

•  Present  address:  Texas  Center  for  Superconductivity,  University  of  Houston,  Texas-77204-5506 


FD  7  High-Power  Linear  Accelerators  for  Tritium  Production  and  Transmutation  of  Nuclear  Waste.* 

G.  P.  LAWRENCE,  Los  Alamos  National  Laboratory.  (20  min.) 

High-power  proton  linear  accelerators  driving  spallation  neutron  sources  are  being  proposed  for  important  nuclear  process 
applicadons,  including  trans-mutation  of  nuclear  waste  and  produ(,bon  of  tritium.  Recent  advances  in  high-current  Imac 
technology  have  allowed  the  development  of  credible  designs  for  the  required  class  of  accelerators,  which  have  a  nominal 
1.6  GeV  beam  energy ,  and  250  mA  peak  current,  with  duty  factors  ranging  from  12%  to  100%  (cw).  A  250-mA,  I.6-GeV 
cw  proton  beam  Incident  on  a  liquid  lead/bismuth  target  gc.ieratcs  45  55  neutrons  pa  proton,  with  a  fission-likc  spectrum  that 
is  moderated  to  produce  a  thermal  neutron  flux  of  up  to  5  x  10'*  n/cni*  s.  This  high  flux  permeates  a  cylindrical  blanket 
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surrounding  the  spallation  source,  generating  tritium  through  the  *Li(n,T)^He  or  ^He(n,r)T  reactions,  or  burning  long-lived 
actinides  and  fission  products  from  nuclear  waste  through  capture  and  fission  processes.  In  some  system  scenanos,  waste 
actinides  and/or  other  fissile  materials  are  inserted  into  the  blanket,  producing  sufficient  fission  energy  to  power  the 
accelerator. 


*  Work  supponed  by  the  US  Department  of  Energy,  with  Los  Alamos  National  Laboratory  Program  Development  funds. 


SESSION  FE:  SELECTED  TOPICS:  ION  SOURCES,  RAIL  GUNS,  EXPLOSIVE  DETECTION 

Tuesday  evening,  6  November  1990;  Union  Building,  Room  418  at  19:00;  F.  Rauch,  University  of  Frankfurt,  presiding 


FE  1  Potential  Applications  of  a  New  Microwave  ECR  Multicusp  Plasma  Ion  Source.* 

C.  C.  TSAI,  Oak  Ridge  National  Laboratory.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  89) 

A  new  microwave  elecuon  cyclotron  resonance  (ECR)  multicusp  plasma  ion  source  has  been  developed  at  Oak  Ridge  National 
Laboratory  usmg  two  ECR  plasma  production  regions  and  multicusp  plasma  confinement.  This  source  is  cigiable  of  producing 
uniform  and  dense  plasmas  over  large  areas  of  3(X)  to  400  cm^,  and  could  be  scaled  up  to  produce  uniform  plasma  over  700  cm^ 
or  larger.  The  plasma  source  has  been  operated  with  condnuous  argon  gas  feed  and  impulse  microwave  power.  The  discharge 
inidation  phenomena  and  the  plasma  properdes  as  funcdons  of  discharge  parameters  have  been  investigated.  The  observed 
discharge  characterisucs  will  be  described,  and  a  hypothetical  discharge  mechanism  for  this  plasma  source  will  be  reported  and 
discussed.  Potential  applicadons  including  uniform  plasmas,  ion  beams  for  advanced  microelectronics  processing,  and  space 
electric  propulsion  will  be  discussed. 


♦Research  sponsored  by  the  Office  of  Fusion  Energy,  U.S.  Department  of  Energy,  under  contract  DE-ACX)5-840R214(X)  with 
Martin  Marietta  Energy  Systems,  Inc. 


FE2  EXDEP:  Explosives  Detection  with  Energetic  Photons.'  KERRY  W.  HABIGER,’  TITAN, 'Spectron  Division,  Albuquerque. 
(20  min.)  '  c  r 

TITAN  has  developed  a  new  technique  for  detecting  explosives  using  an  RF  LINAC.  The  patented  EXDEP  technique  uses 
an  intense  14-MeV  x-ray  beam  to  photoactivate  the  nitrogen  comprising  >18.5%  of  most  explosives.  Aedvated  nitrogen  (ti/2 
=  10  minutes)  decays  emitting  a  positron,  which  annihilates  producing  two  511-keV  photons  that  are  detected.  The 
LINAC's  electron  energy  is  selected  to  optimize  the  nitrogen  activation  and  minimize  background.  In  a  DARPA/SNL- 
sponsored  i,ountcnnine  program,  TITAN  developed  a  .nodel,  benchmarked  it  with  experiments,  and  used  it  to  determine  the 
parameters  for  a  prototype  system.  Experiments  at  the  Naval  Research  Laboratory  verified  that  EXDEP  could  detect  plastic 
and  metal  buned  mines  in  sand  and  soil.  An  EXDEP  system  has  been  designed  to  screen  luggage  for  concealed  explosives. 

An  RF  LINAC  illuminates  the  luggage,  a  detector  array  provides  a  3-D  image  of  the  activity  concentranon  within  the  luggage, 
and  a  3-D  computer  tomography  x-ray  scanner  maps  the  physical  density  of  those  areas.  Calculations  have  shown  that  the 
probability  of  detection  will  be  >99%  with  a  false  alarm  probability  of  <1%. 

■Supponed  jointly  by  Sandia  National  Laboratories  and  the  Defense  Advanced  Research  Projects  Agency 
^Collaborating  Authors:  Jerome  R.  Clifford,  R.  Bruce  Miller,  William  F.  McCullough 


FE  3  Linear  Accelerators  for  Explosive  Detection.  K.  WHITHAM,  Beta  Development  Corporation,  Dublin,  California.  (20  min.) 

A  14-MeV,  S-band  linear  accelerator  has  been  designed  and 
built  by  Beta  Development  for  use  in  an  explosive  detection  program 
at  TITAN/Spectron  Division.  The  explosive  detection  technique 
utilizes  photoneutron  activation  of  the  nitrogen  which  is  an 
integral  component  in  explosives. 

The  accelerator  was  designed  to  be  a  small,  high-power,  light¬ 
weight,  and  portable  unit  capable  of  operation  from  the  bed  of  a 
moving  vehicle.  The  accelerator  produces  3  KW  of  beam  power  at  an 
energy  selectable  between  12.5  and  14  MeV.  The  electron  becun  will 
strike  a  converter  to  give  over  300  R/s  bremsstrahlung  radiation. 

This  paper  describes  the  accelerator  system  and  the  associated 
control  features. 

This  work  was  supported  by  DARPA  and  the  Sandia  National 
Laboratories . 


FE  4  Induced  /Vetivity  in  Scintillation  Detector  in  Space.*  X.  ZHAO,  Vanderbilt  University,  Nashville.  (20  mm.) 

An  expcnmcntal  system  was  flown  on  the  Spate  Shuttle  Columbia  on  August  8  13,  1989  as  part  of  the  Shuttle  Activation 
Monitor  (SAM)  program'.  Gamma  ray  spectra  were  collected  both  during  flight  and  after  landing  from  two  3"x3" 
scinullation  detectors,  Nal  and  BGO.  The  shuttle  was  in  a  high  incIination(57‘^)  orbit,  at  an  altitude  of  160  nautical  miles 
which  provided  exposure  to  the  trapped  charged  particles  in  the  South  Atlanuc  Anomaly  (SAA)  as  well  as  the  electrons  in  the 
Polar  regions.  The  induced  radiations  observed  by  the  detectors  resulted  from  both  external  and  internal  sources  activated  by 
the  interaction  with  the  energetic  charged  particles.  The  flight  data  analysis  indicates  variations  of  the  induced  external 
radiation  as  a  function  of  geomagnetic  ..ourdinatcs  and  amount  of  shielding,  whereas  the  post  landing  data  exhibits  induced 
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internal  radiation  from  the  two  different  types  of  detector  materials.  Based  upon  the  data  analysis  and  our  own  expenences,  a 
new  experiment  has  been  proposed  to  measure  both  gamma-ray  and  charged  particles  in  space. 

♦  The  SAM  experiment  is  sponsored  by  the  Strategic  Defense  Initiative  Organization  and  flew  under  the  management  of  the 
Department  of  Defense  Space  Test  ftogram.  This  work  is  done  with  the  collaboration  of  A.V.  Ramayya,  Vanderbilt 
University:  P.S.  Haskins,  J.E.  McKisson,  D.W.  Ely,  A.G.  Weisenberger,  University  of  Florida.  Gainesville  FL  S2609: 
R.B.  Piercey,  Mississippi  State  University.  Mississippi  State  MS  39762. 

1  P.S.  Haskins  et  al,  IEEE  Transactions  in  Nuclear  Science,  June  1990 


FES  Radiation  Chemistry  of  Cyanine  Dyes.  ANTHONY  HARRIM  AN,  l/nive  jityo/ Texas  at  Austin.  (20  min.) 

Cyanin*  dyes  are  finding  increasing  applications  in  biomedicine  and  aerocyanine 
540  (HC540),  in  particular,  has  been  found  to  exhibit  powerful  antiviral 
activity.  The  mechanisa  of  the  in-vivo  process  is  unknown  but  may  involve 
electron  transfer  reactions.  Under  pulse  radiolytic  conditions,  HC540  is 
reduced  by  solvated  electrons  and  2-hydroxypropyl  radicals  to  fora  an  unstable 
ir-radical  anion.  This  sped'; 5  undergoes  rapid  disproportionation,  in  which  a 
carbonyl  function  is  reduced  to  the  corresponding  alcohol,  but  it  reduces  oxygen 
to  superoxide  ions  in  aerated  solution,  oxidation  of  MC540  can  be  achieved 
using  trichloromethyl  peroxyl  radicals  in  aqueous  2-propanol  solution.  The 
initial  product  appears  to  be  an  adduct,  which  undergoes  sub-millisecond 
rearrangement  to  a  ring-closed  structure.  This  latter  species  retains  the 
cytotoxicity  of  native  MC540  and  seems  to  be  the  active  reagent  responsible  for 
killing  viruses. 


FE  6  Railgun  Experiments  at  The  University  of  Texas,  Center  for  Electromechanics. 

R.  J.  HAYES,  University  of  Texas  at  Austin.  (20  min.) 

The  Center  for  Electromechanics  at  the  University  of  Texas  at  Austin  (CEM-UT)  presently  has  five 
experimental  electromagnetic  (EM)  laimchers  or  railguns  in  operation.  An  additional  ten,  ftdly 
operational  railguns  are  presently  decommissioned  and  five  new  launchers  are  being  fabricated. 
Several  different  parallel  rail  configurations  and  geometries  are  being  studied  as  well  as  augmented 
rails  and  coaxial  launchers.  Recent  tests  utilizing  the  magnetic  flux  generated  in  a  coil  have 
produced  promising  results  for  work  with  coilgun  launchers.  CEM-UT’s  launchers  have  been  used 
in  a  wide  variety  of  experiments.  Fifty  to  five  himdred  micron  diameter  particles  have  been 
accelerated  up  to  17  km/s  to  determine  the  effects  of  micro-meteorite  impacts  on  materials  used  in 
space  applications  and  2.6-kg  packages  have  been  launched  to  2.6  km/s  (8.5  MJ  muzzle  energy)  in 
ballistic  tests.  Paper  studies  on  launching  100-kg  payloads  at  10  km/s  have  also  been  conducted  to 
determine  the  feasibility  of  launching  satellites  with  EM  launchers. 


FE  7  Application  of  Cyclotron  for  Radionuclide  Production. 

N.  N.  KRASNOV,  Institute  of  Physics  and  Power  Engineering,  Obnisk,  U.S.S.R.  (25  min.) 


SOCIAL  HOUR 

Tuesday  evening,  6  November  1990;  Union  Building,  Second  Floor  at  21:00 


SESSION  GA:  RBS,  CHANNELING,  AND  ERDA 

Wednesday  morning,  7  November  1990;  Union  Building,  Room  410  at  9:00; 

J.  A.  Keenan,  Texas  Instruments  Incorporated,  presiding 


GA  1  In  Situ  RBS  and  Channeling  Study  of  Epitaxial  Growth  of  Semiconductors  with  Liquid  Metal  Media. 
F.  XIONG,  Harvard  University.  (25  min.) 


GA  2  Ion  Beam  Analysis  Techniques  at  SUNY-Albuny.  H.  BAKHRU,  State  University  of  New  York  at  Albany.  (25  min.) 

The  4HeV  Dynaaitron  Accelerator  and  a  3  MeV  Tandem  Accelerator  are 
being  utilized  for  the  Ion  Beam  Analysis  at  SUNY-Albany.  Various 
Ion  Beam  Analysis  techniques  set-up  on  eight  beam-lines  of 
accelerators  and  commonly  used  are:  Rutherford  backscattering 
spectroscopy  (RBS) ;  Channeling;  Particle  induced  x-ray  emission 
(PIXE) ;  Nuclear  reaction  analysis  (NRA)  including  Hydrogen,  Lithium 
and  Aluminum  depth  profiling;  A  microbeam  scanning  system  with  a 
spatial  resolution  of  2/<.ra  in  conjunction  with  RBS  and  PIXE. 

Studies  on  several  Ion  Beam  Analysis  Techniques  will  be  presented. 

Several  examples  of  chemical  and  microstructural  analysis  will  be 
given. 
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GA  3  Ion  Beam  Analysis  of  Lithium-Ion  Conducting  Amorphous  Electrolyte  Films.* 

J.  D.  ROBERTSON,  University  of  Kentucky.  (25  min.) 

A  new  IBA  facility  capable  of  simultaneous  PIXE,  PIGE,  and  RBS  analyses  has  been 
installed  at  the  University  of  Kentucicy  7.5  MV,  Model  CM  Van  de  Graaff 
accelerator.  The  facility  was  initially  used  to  determine  the  stoichiometry  of  1 
to  2  im  thick  xLi20:ySi02:zP205  amorphous  films  by  PIGE  and  RBS  analyses.  The 
nondestructive  PIGE  determination  of  the  Li  content  of  the  films  proved  to  be  more 
reliable  than  SIMS  analysis  and  more  convenient  than  atomic  absorption  analysis. 
Deficiencies  on  the  order  of  20  to  50%  in  the  Ll20  content  of  the  films  prepared 
from  sintered  targets  resulted  in  decreases  in  the  conductivity  by  as  much  as  six 
orders  of  magnitude  at  room  temperature. 

♦Work  done  in  collaboration  with  J.B.  BATES,  N.J.  DUDNEY,  and  R.A.  ZUHR,  Oak  Rldae 
Rational  Laboratory. 

^supported  by  the  National  Science  Foundation  and  the  Kentucky  EPSCoR  program. 

GA  4  Study  of  Hydrogen  Content  in  Solids  by  ERDA  and  Radiation-Induced  Damage.* 

J.  TIRIRA,  Laboratoire  Pierre  Sue,  CEA/DSM/DPhG  Cen  de  Saclay,  France.  (25  min.) 

A  ■isulation-optisisation  algorithm  is  described  for  hydrogen  determination  based  on  elastic  recoil 
detection  analyeie  induced  by  1.8  -  3  HeV  *He  ions.  The  effect  of  straggling,  multiple  scattering  and 
geometrical  spread  are  taken  into  account  in  the  simulation.  The  scattering  cross  section  are  taken 
from  theoretical  and  experimental  data‘>*.  Ketsregeneous  hydrogen  concentration  depth  profile  can  be 
derived  from  experimental  spectra  in  semi-automatic  node  (Gaby  Code)’.  The  capabilities  of  this 
absolute  method  are  discussed  in  terns  of  sensitivity,  probing  depth,  depth  resolution  and  detection 
limit.  The  hydrogen  measurements  are  interpreted  in  relation  to  the  damage  induced  by  the  ’le 
microbeam.  It  is  shown  that  the  hydrogen  distribution  can  change  during  the  *He  irradiation,  depending 
on  the  local  structure  of  target  material.  In  particular,  the  influence  of  the  thermal  gradient  around 
the  incident  beam  impact  and  of  the  energy  loss  along  the-  helium  beam  track  is  discussed.  This 
procedure  is  applied  to  study  the  hydrogen  distribution  in  thin  polymer  films  irradiated  by  high  energy 
heavy  ions  (Kr  230  HeV),  natural  and  synthetic  glasses  using  a  nuclear  microprobe. 

*  Supported  by  the  Fundamental  Research  Institute  CEA/CEN  Saclay 

^  R.  Benenson,  L.  Nielunski  and  V.  Lanford,  Nucl.  Instr.  and  Heth.  B34  (1986)  453. 

*  J.  Tirira,  P.  Trocellier,  J.P.  Frontier  and  P.  Trouslard,  Nucl.  Instr.  and  Heth.  B45  (1990)  203. 

’  J.  Tirira,  J.P.  Frontier,  P.  Trocellier  and  P.  Trouslard,  (in  press).  Presented  at  the  2“  Nuclear 
Hicroprobe  Conference,  Helbourne  Australie,  1990.  Nucl.  Instr.  and  Heth.-B®*  (1990) 

GA  5  Complex  Depth  Profiles  Derived  from  Ion  Backscattering.  J.  A.  KEENAN,  Texas  Instruments,  Inc.  (25  min.) 

Ion  backscattering  provides  (quantitative  characterization  of  complex  combinations  of 
oxides,  nitrides,  slllcides,  metal  conductors,  and  their  related  barrier  layers  which 
are  key  structures  in  silicon  integrated  circuit  fabrication.  Process  development 
often  reejuires  an  understanding  of  the  interfaces  between  these  layers.  Ion 
backscattering  is  especially  useful  in  this  context  since  depth  Information  is 
predicated  upon  stopping  powers  without  liability  to  sputtering  artifacts.  The  most 
common  method  of  data  reduction  for  ion  backscattering  is  to  use  a  postulated  layered 
structure  as  input  to  a  modeling  program.  The  correctness  of  the  structure  is  inferred 
from  the  quality  of  fit  to  the  experimental  data.  Buried  interfaces  must  be 
characterized  by  iterative  fitting.  The  alternative  presented  here  is  to  use 
interactively  defined  regions  of  interest  from  the  backscattering  spectrum  to  compute 
the  depth  profile.  The  resulting  depth  profiles  reveal  the  nature  of  buried  interfaces 
to  the  limits  imposed  by  depth  resolution.  Comparison  with  depth  profiles  derived 
using  Auger  electron  spectroscopy  and  Ar  ion  sputtering  and  with  TEH  cross  sections 
confirms  the  (quality  of  the  ion  backscattering  depth  profiles. 

SESSION  GB:  CLUSTER  IMPACTS 

Wednesday  morning,  7  November  1990;  Union  Building,  Room  412  at  9:00; 

T.  A.  Tombrello,  California  Institute  of  Technology,  presiding 

GB  1  Short  Overview  of  Cluster  Impacts.  T.TOMBRELhO,  California  Institute  of  Technology.  (20  min.) 

GB  2  Surface  Analysis  with  keV  Polyatomic  Projectiles.*  E.  A.  SCHWEIKERT,**  Texas  A&M  Universtty.  (40  mm.) 

Boobardment  of  solids  with  polyatomic  projectiles  (e.g.,  CS2I''',  C02''')  results  in  high  secondary  ion  (SI) 
yields.  For  projectiles  of  5  keV  to  500  keV,  SI  yields  as  high  as  lOZ  have  been  observed;,  they  arc  up  to 
SO  times  higher  than  those  obtained  with  equal  velocity  monoatomic  ions.  Our  data  show  that  the  SI  yields 
increase  with  the  mass  of  the  projectile  and  its  velocity.  The  Sis  arc  identified  by  TOF-HS  in  an  ovent- 
by-event  counting  mode,  allowing  the  study  of  sputtering  phenomena  in  the  limit  of  a  single  projectile- 
target  interaction.  Moreover,  the  Sis  emitted  from  a  single  primary  ion  impact  can  be  acquired  in  a 
coincidence  mode,  i.e.,  we  can  determine  which  masses  are  desorbed  together  from  a  primary  impact 
site.  The  analytical  significance  of  these  findings  will  be  discussed,  in  particular  the  prospects  for 
surface  mapping  with  high  planar  resolution. 

♦Supported  in  part  by  NSF  Grant  INT-8801783  and  by  CNPq. 

♦♦In  collaboration  with  M.A.  Park,*’  E.F.  da  Silveira,*”  C.V.  Barros  Leite,"’  J.M.F. 
Jeronymo,*” 

•’Texas  A&M  University,  College  Station,  TX  77843-3144,  USA. 

’’’Pontificia  Universidade  Catolica,  Rio  de  Janeiro,  Brazil. 
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GB  3  Molecular  Dynamics  Simulations  of  Energetic  Cluster  Impacts  on  Metallic  Surfaces.* 

M.  H.  SHAPIRO,'*'  California  Slate  University.  (40  min.) 

A  modified  version  of  the  multiple-interaction  code  SPUT2  has  been  used  to 
simulate  impacts  of  32-  and  63-atom  metallic  clusters  (Al,  Cu,  and  Au)  on  six  and 
nine  layer  fee  metal  surfaces  (Al,  Cu,  and  Au) .  Simulations  were  carried  out 
with  cutoff  times  of  100  and  SOO  fs  for  an  incident  cluster  energy  of* 63  keV  (1 
keV/atom) .  Energy  and  angular  distributions  were  computed  for  atoms  ejected  both 
from  the  target  and  the  incident  cluster.  For  light  mass  clusters  incident  on 
heavy  targets  (e.g.  Al  on  Au)  there  is  significant  ejection  of  cluster  material 
as  well  as  target  material.  Total  sputtering  yields  were  found  typically  to  be 
in  the  range  of  several  hundred  atoms  per  incident  cluster  for  the  systems 
studied.  The  implications  of  these  results  for  the  use  of  energetic  cluster  ion 
beams  in  the  micromachining  of  surfaces  will  be  discussed. 

+In  collaboration  with  T.A.  Tombrello,  Caltech 
*Supported  in  part  by  NSF  grant  DMR86-15641  at  Caltech. 


GB  4  Desorption  Induced  by  Cluster  Bombardment.  S.  DELLA-NEGRA,  Insiituto  de  Physique  Sucleatre,  France.  (40  min.) 


SESSION  GC:  MEDICAL  APPLICATIONS  OF  ACCELERATORS 
'Wednesday  morning,  7  November  1990;  Union  Building,  Room  411  at  9:00; 

'V.  Vaikovic,  International  Atomic  Energy  Agency,  Austria,  presiding 

GC  1  Advances  in  Medical  Applications  of  Low-Energy  Accelerators. 

V.  VALKOVIC,  International  Atomic  Energy  Agency,  Austria.  (20min.) 

Nedicjil  •(plications  of  low  energy  accelerator  include: 

-  radiotherapy  with  ions,  based  op  iaproved  understanding  of  interaction  of  charge  particles  with 
living  tissues: 

-  radioiEotO[>e  productions  and  their  applications  in  radiopharaaceuticals  as  well  as  positron 
eaission  toaography; 

-  material  productions  and  modifications  to  meet  si>ecial  requirements; 

-  the  use  of  nuclear  analytical  methods  and  procedures  for  laboratory  studies  and  routine 
measurements. 

Recent  advances  in  these  fields  are  critically  summarized.  Plan  for  an  iaproved  charged  (xarticle 

facility  in  hospital  environment  dedicated  to  applications  in  biology  and  medicine  is  presented. 


GC  2  Automatic,  Sterile,  and  Apyrogenic  Delivery  of  Pet  Radiotracers  from  the  Cyclotron  to  the  Patient. 

J.  R.  VOTAW,'  Vanderbilt  University.  (20  min.) 

The  efficient  delivery  of  sterile  and  pyrogen  free  tracers  has  been  a  limiting  factor  in  performing  multiple  PET  studie.s  that 
use  a  small  accelerator  to  prtrfuce  the  isotopes.  Rapid  delivery  is  required  because  of  the  shon  half-life  ( 10  or  2  mins.)  and 
the  limited  production  capabilities  of  1 1  MeV  proton  only  cyclotrons.  Remote  administration  is  necessary  in  order  to  r^uce 
the  radiation  exposure  to  the  person  administering  the  radiopharmaceutical.  To  increase  the  throughput  and  efficiency  of  the 
PET  center,  one  technologist  must  be  able  to  produce  the  tracer  while  concurrently  preparing  the  patient  for  scanning.  An 
automatic  delivery,  remote  injection  system  has  been  developed  to  administer  either  Ufl  labelled  ammonia  or  labelled 

water  to  patients.  Produedon  of  the  tracer  is  initiated  from  the  scanner  room  through  a  remote  terminal  connected  to  the 
cyclotron.  In  the  case  of  ammonia,  at  EOB  the  aqueous  ammonia  is  pumped  into  a  teflon  tube  (1/16  in.  OD,  0.030  in.  ID) 
with  an  HPLC  pump  and  then  driven  to  the  scanner  (50  feet  distant)  with  high  pressure  helium  where  it  is  collected  in  a 
vessel  within  a  dose  calibrator.  Typically,  18±  1  mCi  is  delivered  to  the  scanner  20  ±0.25  minutes  after  requesting 
ammonia  from  the  cyclotron.  In  the  case  of  labelled  water  production,  target  gas  containing  '^0  is  is  kept  at  saturanon  in 
the  target  until  it  is  tr^sfened  to  the  scanner  where  it  is  convened  to  water  over  a  platinum  catalyst  then  collected  in  the 
vessel  in  the  dose  calibrator.  Typically,  260  ±30  mCi  is  delivered  45  seconds  after  the  technician  requests  delivery.  The 
dose  is  injected  using  a  syringe  ^mp  to  withdraw  the  activity,  a  three-way  valve  is  then  switched  and  then  the  same  synnge 
pump  is  used  to  infuse  the  tracer  into  the  patient  through  preset  IV  lines.  The  whole  system  (excl.  target  material)  is  washed 
with  80%  EtOH  whenever  any  pan  is  disassembled  (e.g.  installing  a  new  target).  The  system  is  washed  with  20  ml  of 
sterile  water  twice  at  the  bepnning  of  each  day  and  these  washes  are  tested  for  pyrogens  at  3  and  0.1  EU/ml  thresholds. 
Sin«  the  tra(»  is  delivered  in  approximately  an  8  ml  bolus  of  water,  the  next  delivery  through  the  system  is  considered  safe 
for  injection  if  pyrogens  are  not  ^tected  at  the  3  EU/ml  threshold  in  the  second  wash.  In  practice,  it  is  rare  that  pyrogens 
arc  detected  at  the  0. 1  EU/ml  level.  Time  delayed  tests  show  that  the  system  may  be  left  left  unus^  for  up  to  6  hours 
before  the  daily  washes  must  be  repeated. 

■The  author  acknowledges  the  contributions  of  JA  Clanton  and  DB  Cashion. 


GC3  A  Comprehensive  Cyclotron  Program  at  a  Medical  Facility.*  M.  L.  MALLORY,  Unicmiryo/rcxai.  (20  min.) 

Cyclotrons  are  being  installed  at  aedical  facilities  at  an  increasing  rate.  At  these 
facilities,  the  priae  consideration  for  use  of  these  cyclotrons  ace  for  aedical 
applications.  Secondarily,  the  cyclotron  nay  be  used  for  basic  research  and 
coaaercial  isotope  production.  At  the  H.D.  Anderson  Cancer  Center  (HDACC)  the 
cyclotron  facility  is  utilized  for  all  three  applications.  The  cyclotron  is  used  for 
neutron  therapy  of  patients  during  the  vorking  hours  of  8:00  AK  to  5:00  PH.  The 
cyclotron  also  produces  short-lived  positron  cnitting  isotopes  for  a  hospital  based 
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PET  imaging  program  for  cancer  during  the  early  morning  hours.  The  challenges  are  to 
develop  cyclotron  research  and  industry  programs  that  effectively  utilize  th<> 
remaining  time.  Ve  find  that  the  flexibility  of  our  cyclotron,  multiple  extraction 
ports  and  different  vaults,  are  important  parameters  in  establishing  the  multiple 
applications  and  this  paper  vill  contain  examples  of  our  ongoing  and  planned  usage. 

^Supported  in  part  by  the  National  Cancer  Institute  Nol-CH-57775 


GC  4  Hospital-Based  Proton  Linac  for  Particle  Theory  and  Radioisotope  Production. 

A.  J.  LENNOX,  Fermi  National  Accelerator  Laboratory.  (20  min.) 

Taking  advantage  of  recent  advances  in  linear  accelerator  technology  it  is  possible  for  a  ho^ital  to  use 
a  70  MeV  proton  linac  for  fast  neutron  therapy,  boron  neutron  capture  therapy,  proton  therapy  for 
ocular  melanomas,  and  production  of  radiopharmaceuticals.  The  linac  can  also  inject  protons  into  a 
synchrotron  for  proton  therapy  of  deep-seated  tumors.  With  a  180  microampere  average  current  a 
single  linac  can  support  all  of  the  above-mentioned  applications.  This  paper  presents  a  conceptual 
design  for  a  medical  proton  linac,  switchyard,  treatment  rooms,  and  isotope  production  rooms. 

Special  requirements  for  each  application  are  outlined  and  a  method  for  sharing  beam  among  the 
applications  is  suggested. 


GC5  Cyclotron  Production  of  Medical  Radionuclides. 

RICHARD  M.  LAMBRECHT,  King  Faisal  Specialist  Hospital  and  Research  Centre,  Saudi  Arabia.  IS  min.) 

(Invited  Poster  Paper:  See  Poster  Display  PB'  55) 

Acx^lerators  with  energies  of  45  MeV  and  less  are  experiencing  an  Increatsing  role  for  production  of  nedi- 
c:al  radicMiuclides  required  for  inproved  Iiealth  care  delivery.  Advances  in  gas,  liquid  and  solid  targetry 
that  Iiave  occurred  since  Sajjad's  review  at  the  10th  Denton  Oontoence^  will  be  the  foc^  point  of 
discussion.  The  excitation  functions  for  proton  induced  reactions  on  99.9%  enrideent  “^Xe  resulting  in 
fomation  of  ^^3c3-123xe“123i  will  be  illustrated  to  sIkw  the  123i  thick  target  yields  obtainable  (i* 
24.5,  16.5,  and  10.5  irCi/uAh)  with  cyclotron  energies  of  40,  30  and  26  MeV,  respectively 2.  The  Kem- 
forschungszentnzn  Karlsruhe  lias  demonstrated  that  the  method  pemits  reduction  of  1-3  Ci  of  ultra  high 
purity  123i  in  4-6  hr  irradiations  at  using  a  50  uA  beam.  The  122xe-122i  generator  could  be  developed 
with  a  production  rate  of  3.5  nCi/uAh  usii^  42-35  ffeV  protons  on  99.9%  ^“^Xe.  Alternatively  the 
122xe-122i  generator  is  attainable  using  30  alphas  on  isotopically  enridied  t^u:gets.  There  has 
been  resurgent  interest  in  ^^cu,  23se  and  Diphasis  will  be  placed  upon  the  design,  fabrication  of  . 

targetry  and  other  relevant  parameters  using  esqensive  isotopically  enriched  target  uatrices. 

1  M,  Sajjad  aiid  R.  M.  Lambredit,  Nucl.  Instnia.  Meth.  Phys.  Res.  B49/41  (1988)  1100-1104. 

2  P.  Tarkanyi,  S.  M.  (feim,  G.  Stocklin,  M.  Sajjad,  R.  M.  lanhrecht  and  H.  Schweichert.  Int.  J.  Afpl. 
Radiat.  Instrun.  Part  A  (submitted). 


GC  6  PrcHminao'  Design  of  a  Reduced-(k)st  Proton  Therapy  Facility  Using  a  Compact,  High-Field  Isochronous  Cyclotron. 

Y.  JONGEN,  Ion  Beam  Applications  SA,  Belgium.  (20  min.) 

It  is  generally  agreed  that.  anx>ng  the  different  kinds  of  radiations  usable  for  radiu-  therapy,  high  energy  proton  beams  exhibit  the  best  ballis 
specificity  However,  the  development  of  proton  therapy  has  been  hindered  by  the  sice,  cost  and  complexity  of  high  energy  acceleraiots.  V 
have  therefore  tried  to  design  a  complete  proton  therapy  facility  where  the  size,  the  investment,  the  complexity  and  the  cost  of  openih 
would  be  minimized. 

To  t^iimize  the  simplicity  reliability  of  the  system  wc  selected  a  non  superconducting  isochronous  cyuloUDn  as  accelerator.  The  magnet  i: 
high  field  (3  09  Tesla  peak  field,  2.165  Tesla  average  field  at  extraction  )  deep  valley  design,  using  190  kW  in  conventional  coils.  T 
complete  cyclotron  is  split  in  two  parts  at  the  median  plane.  The  upper  half  can  be  quickly  raised  by  one  meter,  using  hydraulic  jaci 
allowing  an  unrestricted  access  to  all  cyclotron  elements. 

The  cyclotron  would  then  feed  two  or  three  isoccr...iv  gani.ics.  IBA  has  developed  a  new  concept  leading  to  isocemnegamnes  of  reduc 
size  and  cost  This  new  gantry  design  allows  to  reach  infinite  'souac  to  patient  distance'  with  a  gantry  not  exceeding  23  m  total  maximi 
radius. 

The  do.se  delivery  system  has  been  leviewcd  t«i  optimize  dose  accuracy,  unifunniiy  .md  speed  of  delivery.  In  the  .-ixial  moiion ,  the  magne 
sweep  is  conirolled  by  a  dose  integrator,  guaranieeing  on  unifonn  dose  iirecpeciively  of  minor  inicasiiy  flustuaiions. 


SESSION  GD:  FIXE 

Wednesday  icoming,  7  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  9d)0; 
H.  A.  Van  Rinsvelt,  University  of  Florida,  presiding 


GD  1  The  Analysis  of  Surface  Layers  with  FIXE.  R.  D.  VIS,  Free  University,  Hie  Netherlands.  (20  min.) 


GD  2  On  the  Use  of  a  Modem  Low-Energy  Germanium  Detector  for  FIXE. 

WILLY  MAENHAUT,  University  of  Ginl,  Belgium.  (20  min.) 

Recent  progress  in  lov-energy  Ge  (LEGe)  detectors  bas  for  effect  tb&t  such  detectors 
are  increasingly  considered  as  a  viable  alternative  to  Si (Li)  detectors  for  smergy- 
dispersive  X-ray  spectrosetry  in  a  variety  of  applications,  including  FIXE.  Xn  the 
first  part  of  our  study,  the  pcrforsance  of  a  current  I£Ce  detector  was  CCTpared  to 
that  of  a  top-quality  Si (Li)  detector  through  seasureaents  with  X-ray  source*.  Long 
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and  short  peak  tails,  and  energy  resolution  and  detection  efficiency  as  a  function  of 
energy  were  examined.  Both  detectors  were  subsequently  used  for  PIXE  measurements  on 
atmospheric  aerosol  filters  and  biological  samples,  which  are  typical  study  objects 
for  PIXE  analysis.  All  PIXE  bombardments  were  done  with  a  2.4  NeV  proton  beam,  and  the 
X-ray  signals  of  the  1  to  25  keV  energy  region  were  collected  in  the  PIXE  spectrum. 

The  results  of  the  various  experiments  are  discussed,  and  our  conclusions  with  regard 
to  the  applicability  of  LEGe's  for  PIXE  are  presented. 


GD  3  Acceleratoi  Analysis  of  Museum  Objects  at  the  Louvre. 

B.  KUSKO,  Acceleratrur  Grand  Louvre  d’Analyse  Elementaire,  France.  {TF  .uin.) 

GD  4  Application  of  PIXE  in  the  Study  of  Sheil  Fish.  C.  P.  SWANN,  Bartol  Research  Institute.  (20  min.) 

The  Bartol  In-alc  FIXE  syatea  has  been  uaed  to  study  the  elemental  composition  of  many  varieties  of  sea 
life;  the  sensitivity  for  the  elemet'..  from  Ka  to  Sr  is  good,  a  reasonable  spatial  resolution  is 
attainable  and  little  preparation  oi  the  samples  Is  required.  Two  examples  are  cited.  First,  the 
composition  of  the  interior  nacreous  and  calcitic  regions  of  mussels  (Mytilus  edulls)  taken  monthly 
(1981*1982)  from  the  Oaaariscotta  River,  Maine,  has  been  measured  and,  second,  the  shell  and  soft  tissue 
of  oysters  (Crassotrea  vlrglnlca)  grown  under  laboratory  conditions  on  substratyi  of  compacted  residues 
from  coal-fired  power  plants  have  been  analysed.  The  mussel  study  shows  a  rather  large  anomaly  in  the 
Sr/Ca  ratio  for  the  nacreous  region  for  May  which  suggests  a  possible  connection  with  the  reproduction 
cycle.  The  oyster  study  demonstrates  that  power  plant  residues  provide  a  good  substrata  for  the  growth  of 
healthy,  non-toxic  oysters. 


GD  5  Trace  Metal  Distribution  in  Aquatic  Systems  as  Studied  by  PIXE  Analysis  of  Water  and  Sediment. 

G.  GHERMANDI,  Istituto  Osservatorio  Geofisico,  Italy.  (20  min.) 

The  PIXE  technique  is  uaed  to  measure  trace  metal  concentrations  (Ti,  V,  Cr,  Mn,  Fe, 
Cu,  Pb)  in  water  and  sediment  samples  collected  in  a  shallow  water  area  (Venice  Lagoon 
-  Nothern  Adriatic  Sea,  Italy).  The  objective  is  to  investigate  pollution  progress  in 
this  aquatic  system  and  to  understand  the  mechanijms  of  pollutant  distribution,  in 
order  to  know  their  final  fate.  A  tost  area  at  the  main  land  -  lagoon  interface  is 
constantly  monitored  with  survey  of  chemical-physical -hydrodynamical  parameters;  the 
metal  distribution  in  its  surface  sediments  has  also  been  mapped.  Under  comparable 
weather  conditions,  sampling  campaigns  have  been  performed  at  the  mouths  of  a  polluted 
channel  discharging  in  this  area.  During  the  time  period  of  one  tide  half-cycle,  water 
samples  have  been  collected  long  the  vertical  stream  profile,  in  order  to  test  the 
effect  of  salt  and  fresh  water  mixing  on  metal  distribution.  Sample  filtration  in 
field  allows  analysis  of  soluted  and  suspended  matter. 


GD  6  Trace  Element  Analysis  with  Synchrotron  X-Ray  Beams.*  A.  C.  THOMPSON,  Lawrence  Berkeley  Laboratory.  (20  min.) 

We  have  developed  a  hard  x-ray  (6-15  keV)  microprobe,  that  uses  a  pair  of 
multilayer  coated  x-ray  mirrors  to  focus  a  white  radiation  synchrotron  beam.  The  x- 
ray  microprobe  can  detect  femtogram  amounts  of  trace  elements  within  a  counting  time 
of  60  sec.  A  major  advantage  of  the  x-ray  microprobe  is  that  the  specimen  does  not 
have  to  be  placed  it)  a  vacuum  or  to  undergo  special  contrast-eiiliancing  preparation, 
iin  inherent  characteristic  of  these  x-ray  mirrors  is  that  they  act  as  a  broadband 
mo;:o<?*’rcmator  which  reduces  the  background  underneath  the  fluorescent  x-rays.  A  spot 
size  of  2  urn  X  2  urn  has  been  achieved.  Sample  applications  of  this  microprobe  to 
geophysical,  roateri-lo  ficience  and  biology  problems  will  be  presented. 

*  Supported  by  the  U.S.  Department  of  Energy  under  Contract  DE-AC03-76SF0098. 


GD  7  X-ray  Tluercscence  for  Heavy  Metal  Da4t  Alarms  in  the  Imiustrlwl  Workplace. 

G.  M.  THOMSON,  U.  S.  Ari.-.y  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground.  (20  min.) 

Two  x-ray  fluorescence  (XRF)  devices  for  the  analysis  of  particle-bearing  aerosol;  at  the 
worksite  have  been  developed.  They  provide  values  of  tlie  mass  i.or.centrat1ori  M  for  each  element 
Z>22  in  the  aurosot  in  n1r.dl.es  -  in  time  for  corrective  action  before  harm  to  workers  or  the 
environment  takes  place.  The  two  device,  separately  span  different  regimes  of  M,  one  at 
"smokestack"  levels  (mllliiims/r'?  ),  the  o.her  at  chronic  worker  exposure  thresholds 
(m1crogms/m3  ).  The  high  H  device  irradiates  the  aerosol  directly  with  the  output  of  an 
Interchangeable  anode  x-ray  tube  and  detects  returning,  )(RF  photons.  The  more  complex  low  M 
version  pumps  the  aerosol  through  a  section  of  filte.''  paper  tape  which,  In  turn,  undergoes 
on-site  XRF  analysis  using  Cd-109  x-rays.  Both  devices  ere  totally  se',f-;cnta1ned  using  small 
gas  proportional  counters  and  multichannel  analyzers  for  detection  end  counting.  Bo^h  also 
employ  digital  automation  pf  instrment  conirol,  data  reduction  and  recordkeeping. 


GD  8  Evaporated  and  Implanted  Reference  Layers  for  Calibration  in  Ion  Beam  Analysis.*' 

U.  WATJEN,  CEC-/AC,  ;ntral  Bureau  fi,’ Nuclear  Measurements,  Belgium.  ;5  min.J  (Invited  Poster  Paper.  See  Poster  Display  PB  57) 

The  potential  of  thin  reference  layers  prepared  by  the  Central  Bureau  for  Nuclear 
Measuienents  especially  for  calibration  purposes  in  ion  beam  analysis  is  presented. 
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Our  special  preparation  pro>^w.are  is  outlined.  Baking  use  of  an  ultrahigh  vacuum 
aicrobalance  vith  the  substitution  principle  o£  weighing  applied.  Besides  thin 
netal  layers  evaporated  onto  vitreous  carbon  substrates,  which  can  serve  for 
external  yield  calibration  as  well  as  for  energy  calibration^,  we  are  Baking  use 
of  thin  layers  as  internal  standards  on  implanted  samples  in  order  to  perform 
high-accuracy  determinations  of  the  retained  dcc«.  In  turn  those  implants  are  made 
available  as  reference  samples.  Further  we  prepare  special  compound  layers  in  order 
to  support  the  further  improvement  of  PIXE  (and  BDXRF)  spectrum  evaluation  codes 
with  respect  to  unresolved  peaks.  Varying  mass  ratios  of  the  interfering  elements 
allow  the  systematic  investigation  of  the  code  behaviour  in  such  conditions. 

f  This  work  was  performed  with  continuous  support  by  B.  Bax  and  P.  Rietveld. 
^H.L.Eschbach,  I. V. Mitchell,  and  E.Louwerix,  Thermochimlca  Acta  51,  33  (1981). 

U.WStjen,  D.Schroyon,  E.Boabelka,  and  P. Rietveld,  Nucl.  xnstr.  and  Meth.  in  Phys. 
Res.  B50,  172  (1990). 


GD  9  X'Ray  Microfocusing  Studies  at  ELETTRA, 

F.  ZANINI,*  Sincrotrone  Trieste  and  Istituto  Nazionaie  Flsica  Nucleare,  Italy.  (20  min.) 

The  development  of  Synchrotron  Radiation  (SR)  beamlines  dedicated  to  trace-element  microanalysis 
has  given  a  new  impetus  to  the  design  of  X-ray  microprobe  systems.  The  use  of  SR  Induced  X-Ray 
Emission  (SRIXE)  for  analytical  puiposes  allows  the  measurement  of  elemental  concentrations  at 
levels  not  detectable  with  oAer  excitation  sources.  The  main  advantages  of  using  X-rays  rather  than 
protons  or  electrons  are  the  smaller  amount  of  energy  deposited  by  X-rays,  a  higher  penetration  and 
the  possibility  of  analyzing  wet  samples  In  air.  A  number  of  techniques  is  presently  available  for  X- 
ray  focusing  (metal  coated  curved  mirrors,  bent  crystal  monochromators,  multilayer  coated  optics, 
Bragg-Fresnel  lenses).  At  ELETTRA,  the  2  GeV  high-brilliance  photon  source  under  constmetion 
by  Sincro^one  Trieste,  different  hard  X-ray  microprobes  are  being  studied  for  analyzing  and 
imaging  biological  and  geological  materials,  complementing  the  information  obtained  with  optical, 
electron  and  soft  X-ray  microscopes.  The  high-brilliance  SR  facilities  of  the  last  generation  are 
particularly  suitable  for  this  kind  of  microprobes.  At  SR  sources  with  relatively  low  energies,  like 
ELETTRA,  microprobes  for  mapping  light  elements  should  be  developed,  even  if  our  evaluations 
show  that  a  reasonable  minimum  detection  limit  can  tie  achieved  for  a  wide  range  of  chemical 
elements.  ELETTRA  is  the  optimum  source  for  soft  X-ray  microscopy  of  biological  samples  in  the 
water  window,  but  the  possibility  to  combine  this  technique  with  elemental  mapping  at  the  same  SR 
facility  is  particularly  attractive  for  the  life  science  community. 

*  In  collaboration  with  R.  Devoti,  C.  Tuniz,  F.  Zontone. 


SESSION  GE;  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Wednesday  morning,  7  November  1990;  Union  Buiiding,  Room  418  at  9:00;  S.  L.  Varghese,  University  of  South  Alabama,  presiding 

GE  1  Recent  Experiments  on  the  KSIJ  CRYEBIS.*  M.  SCHULZ,  J.  R.  Macdonald  Laboratory,  Kansas  State  University.  (20  min.) 

The  CRYEBIS  at  KSU  has  been  in  operation  since  April  1989.  We  report  here  on  experimental  results  obtained 
since  tlien.  In  one  experiment  Dielectronic  Recombination  (DR)  was  studied  for  He-like  At.  The  ratio  of  the  Ar*^* 
and  the  Ar***  yields  as  well  as  the  Ar  K  x-ray  yield  were  measured  as  a  function  of  the  electron  beam  energy. 

Absolute  cross  sections  were  obtained  for  a  number  of  doubly  excited  states  populated  by  DR  and  are  in  very  good 
agreement  with  theoretical  calculations.  In  a  second  experiment  we  measured  K  x-ray  yields  from  slow  H-like  Ar 
interacting  with  a  single  crystal  Ge  surface  as  a  function  of  the  projectile  velocity  component  perpendicular  to  the 
surface  Vp.  Vp  was  varied  by  rotating  the  target  with  respect  to  the  beam  axis.  An  an^ar  range  of  1*  (near  grazing 
incidence)  to  60*  was  covered  corresponding  to  initial  vertical  projectile  energies  of  15  eV  to  38.2  keV.  An  increase 
of  the  x-ray  yield  as  well  as  a  shift  of  the  K  x-ray  lines  to  higher  energies  with  decreasing  Vp  was  observed.  A 
characteristic  time  for  an  electron  captured  above  the  surface  to  cascade  dov/n  all  the  way  to  the  K  shell  of 
approximately  10'*^  sec  was  extracted  from  the  data. 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Science,  Office  of  Energy  Research,  U.S. 
Department  of  Energy. 

*  Inst.  F.  Kemphysik,  Univ.  Frankfurt,  Frankfurt,  FRG. 


GE  2  Electron  Emission  in  Heavy-Ion  Collisions.* 

H.  SCHMIDT-BOCKING,  Universitat  Frankfurt,  Federal  Republic  of  Germany.  (20  min.) 

Recent  data  on  the  6-electron  emission  In  heavy  ton-atom  collisions  are  presented.  From  the 
comparison  of  the  experimental  energy-  and  angular  distributions  fnr  Ur8*'"m  rare  gas  collisions 
with  nCTMC  calculations  information  on  the  ionisation  process  can  be  deduce  ,  demonstrates  the 
importance  of  the  polarisation  of  the  electronic  states  In  the  strong  twi  ,enif  potential  of  the 
nuclei.  Using  electron-particle  coincidence  techniques,  multiple  dl"^r  at  ‘  electron  emission 
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probabilities  have  been  measured,  which  Illustrate  the  strong  deviations  compared  to  light  Ion 
Impact. 

•  supported  by  GSI,  Darmstadt  and  Bundesmlnlsterlum  fllr  Forschung  und  Technologic  (pMFT),  FRG 

GE  3  Atomic  Physics  Experiments  at  ORNL-ECR  Multicharged  Ion  Source  Facility. 

R.  A.  PHANEUF,  Oak  Ridge  National  Laboratory.  (20  min.) 

Atomic  physics  experiments  in  electron-ion,  ion-atom  and  ion-surface  interactions  are  being  carried  out  at  the  ORNL- 
ECR  Multicharged  Ion  Research  Facility.'  The  experimental  techniques  include  merged  and  crossed  beams,  which 
require  relatively  high  ion  beam  intensities,  as  well  as  gas-target  and  particle-surface  interaction  studies.  To  maximize 
the  utilization  of  this  facility  for  research,  the  beamlines  and  apparatus  have  been  designed  and  organized  such  that  high- 
intensity,  low-energy  beams  of  multiply  charged  ions  may  be  switched  to  any  one  of  five  different  experiments,  four  of 
which  require  ultrahigh  vacuum  conditions.  Results  from  some  of  these  experiments  will  be  highlighted,  as  well  as  plans 
for  a  recently-initiated  upgrade  of  the  ECR  ion  source  from  10.6  GHz  to  14.5  Ghz.  This  upgrade  will  increase  high 
charge-state  performance,  opening  up  additional  collision  systems  to  experimental  study. 

•Operated  by  Martin  Marietta  Eiiergy  Sy..ems,  Inc.,  for  the  U.S.  Department  of  Energy  under  (Contract  No.  DE-AC05- 
840R21400. 

‘F.  W.  Meyer  and  J.  W.  Hale,  Rev.  Sci.  Instrum.  ^  324  (1989). 


GE  4  Physics  of,  and  Recent  Results  from  Lawrence  Livermore  EBIT  Source.* 

P.  BEIERSDORFER,  Lawrence  Livermore  National  Laboratory.  (20  min.) 

The  electron  beam  ion  trap  (EBIT)  at  Lawrence  Livermore  is  a  powerful  tool  for  smdying  the  physics  of  highly  charged  ions.  EBIT 
uses  an  electron  beam  to  produce,  trap,  and  excite  ions,  and  charge  states  as  high  as  neonlilce  U*2+  have  been  investigat^.  Since 
EBIT  was  conceived  as  an  x-ray  source,  precision  x-ray  techniques  have  been  developed  to  smdy  electron-ion  interacdons.  As 
examples,  we  present  novel  schemes  to  infer  outershell  and  innershell  ionizadon  cross  secdons  from  high-resolution  x-ray 
observatiohs,  and  discuss  recent  measurements  of  dielectronic  recombinadon  of  Fe  XXV  which  are  state-specific.  High-rcsoludon 
x-ray  techniques  have  also  allowed  us  to  investigate  the  atomic  struemre  of  highly  charged  heliumlike  and  r.conlike  ions.  The 
measurements  probe  the  effects  of  relativity  and  QED  in  muld-electron  ions  and  show  systematic  discrepancies  with  theory. 

♦This  work  performed  under  the  auspices  of  the  U.S.  Department  of  Energy  by  the  Lawrence  Livermore  National  Laboratory  under 
contract  W-7405-ENG48. 


GE  S  Angular  Distributions  of  Single-  and  Double-Electron  Capture  In  Very  Slow  Ar^'''-Ar  and  Ar*'''-He,Ar,Xc  Collisions.^ 

C.  BIEDERMANN,  University  of  Tennessee.  (20  min.) 

Capture-state  resolved  angular  distributions  of  one-  and  two-electron  processes  in  19  to  800  _eV  Ar^'''-Ar  collisions 
have  been  measured.  Stinicture  in  the  experimentally  observed  angular  distribution  of  single-electron  capture 
to  six  close-lying  4p  LS-levels  of  Ar’"'"  is  reproduced  by  using  a  seven-channel  classical  trajectory  Landau-Zener 
calculation  to  demonstrate  that  the  main  features  me  caused  by  multiple  rainbow  scattering.  FVom  the  angular  dis¬ 
tributions  for  the  true  double-capture  process  it  is  seen  that  a  two-step  mechanism  involving  the  4p  single-capture 
clrannels,  which  then  couple  to  tne  double-capture  potential  curves,  dominates  the  two-electron  transfer.  Angular 
differential  one-  and  two-electron  capture  in  60  to  1200  eV  Ar®’''-He  collisions  have  been  measured.  Model  calcu¬ 
lations  indicate  contributions  of  two-electron  transfer  to  explain  the  structure  of  the  single  capture  distribution'. 
In  the  case  of  the  .12  to  800  eV  Ar®'*'-Ar  collisions,  several  active  nl-channels  of  the  single-electron  capture  process 
give  rise  to  struct'ties  in  the  angular  distribution.  The  enerCT-gain  spectra  of  double-electrcjn  capture  has  two 
main  peaks,  of  »hich  o^y  one  also  decays  via  autoionization.  The  corresponding  angular  ^stribv’tion  for  transfer 
ionization  shows  a  subset  of  structures  seen  in  the  true  double-capture  anguleir  distribution.  The  difference  be¬ 
tween  angular  distributions  of  autoionizing  double  capture  and  true  double  capture  is  even  larger  for  Ar*'*'  on  Xe 
collisions. 

In  collaboration  with  H.  Cederquist*,  L.R.  Andersson*,  J.C.  Levin,  R.T.  Short,  S.B.  Elston,  J.  P.  Gibbons,  H. 
Andersson*,  L.  Liljeby*,  N.  Keller  and  I.A.  Sellin.  ‘Manne  Siegbahn  Institute  of  Physics,  Stockholm,  Sweden. 

^  Work  supported  in  part  by  the  National  Science  Foundation  and  by  the  U.S.  Department  of  Energy  under  contract 
No.DE-AC05-840R214(X)  with  Martin  Marietta  Energy  Systems  Inc.  '  L.R.Andersson,  this  conference. 


GE  6  Angular  Distributions  for  Electron  Capture  from  He  by  Low-Velocity  Ar®'*'  Ions. 

W.  T.  WAGGONER,  Hastings  College.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  28) 


Angular  distributions,  do/d«  Vi., 
were  measured  for  Ar6+  projectiles  produced  in  a  recoil  ion 
source  at  tne  J.  R.  Macdonald  Laboratory  at^Kansas  State 
University.'-  Projectile  energies  between  1287  and  296  eV  weri 
used.  At  1287  eV  -the  distribution  contains  a  main  peak  lying 
just  inside  the  half  Coulomb  angle,  «o  =  Q/2E,  for  capture^to 


for  electron  capture  from  He 
roduced  in  a  recoil  ion 


increasing  in  magnitude,  and  with  the  location  of  -the  primary 
peak  shifting  to  angles  substantially  inside  be.  At  the  lowest 
energies  additional  structure  begins  -to  appear  at  large  angles, 
where  at  296  ev  the  primary  and  secondary  peaks  heights  are  the 
same  magnitude.  Using  a  simple  two  state  diabatic  curve  crossing 


same  magnitude.  Using  a  simple  two  state  diabatic  curve  crossln 
model  employing  Coulomb  potential  curves,  angular  distributions 
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have  been  calculated  at  the  highest  and  lowest  projectile 
energies . 


Work  supported  by  the  Division  of  Chemical  Sciences,  Office  of 
Basic  Energy  Sciences,  Office  of  Energy  Research,  U.  S. 
Department  of  Energy. 

^Collaborators  included  C.  L.  Cocke,  Kansas  State  University. ,  E. 
y.  Kamber,  We.<',tern  Michigan  University.  ,  S.  L.  Varghese,  South 
Alabama  University. 


GE  7  Electron  Capture  by  O*'*'  from  Aligned  Molecular  Deuterium.* 

S.  CHENG,  Kansas  Stale  University.  (5  min.)  (Invited  Poster  Paper:  Sec  Poster  Display  PA  29) 

Cross  sections  for  ionization  and  electron  capture  for  10  MeV  oxygen  ions  in  collision  with  molecular  deuterium 
targets  were  measured.  The  experiment  was  performed  by  applying  an  extraction  electric  field  perpendicular 
to  the  beam  axis  to  project  the  whole  velocity  distribution  of  the  recoil  ions  into  a  two-dimensional  position 
sensitive  detector.  By  additional  measurement  of  the  time-of-flight  of  these  recoil  ions,  we  are  able  to  reconstruct 
the  three  dimensional  velocity  distribution.  From  the  reconstructed  results,  the  dependence  of  the  cross  sections 
on  the  alignment  of  the  molecular  axis  with  respect  to  the  beam  axis  was  determined.  Detailed  experimental 
techniques  and  results  will  be  discussed. 

’  This  work  was  supported  by  the  Division  '  Chemical  Sciences,  Office  of  Basic  Energy  Sciences,  Office  of 
Energy  Research,  U.S.  Department  of  Energy.  Work  performed  in  collaboration  with  C.L.  Cocke,  E.Y.  Kamber, 
and  S.L  Varghese. 


GE  8  Detection  of  Long-Lived  Highly  Excited  Ions  by  Means  of  Charge-Stripping  Processes. 

E.  V .  KAMBER,*  lyesiern  Michigan  University.  (5  min.)  (Invited  Poster  Paper:  Sec  Poster  Display  PA  7) 

Translational  energy  spectroscopy  is  being  used  for  detection  of  laetastable  and  long-lived 
highly  excited  fir®''  and  Kr®"^  ions,  produced  in  an  electron  impact  ion  source,  by  means  of 
state-selective  single-electron  stripping  processes  in  collisions  of  2-8  keV  Ar°*  and  Kr“* 
ions  with  rare-gas  atoms.  Translational  energy-loss  spectra  indicate  that  stripping  of  a 
single  electron  from  Ar®*  occurs  predominantly  by  a  reaction  channel  due  to  ionization  of 
long-lived  highly  excited  states  with  excitation  energies  very  close  to  the  ionization 
potential  of  Ar"'*.  This  reaction  channel  is  found  to  be  overwhelmingly  dominant  at 
electron  impact  energies  E„  >  87  oV  and  is  consistent  with  the  energy  for  the  production 
of  Ar®*.  Weaker  processes  are  also  observed  due  to  ionization  of  highly  excited 
metastable  states  of  Ar®'^  such  as  3d,  As,  Ap  and  Ad  with  excitation  energies  from  18  to 
35  eV,  low-lying  metastable,  and  the  ground  state  of  Ar®*'  ions.  These  highly  excited  ions 
are  found  to  be  more  sensitive  to  charge-stripping  processes  than  electron  capture 
processes. 

’’Work  done  in  collaboration  with  A.  G.  Brenton,  Mass  Spectrometery  Research  Unit, 
University  College  of  Swansea,  Swansea,  SA2  0PP,  U.K. 


GE  9  Electron  Energy  Distribution  in  Multiply  Ionizing  Collisions,  Differential  in  Recoil  Charge  States. 

H  SCHOENE,  Oak  Ridge  National  Laboratory.  (5  min.)  (Invited  Poster  Paper;  See  Poster  Display  PA  24) 


SESSION  HA:  SUPERCONDUCTTING  SUPER  COLLIDER  DETECTORS 
Wednesday  afternoon,  7  November  1990;  Union  Building,  Lyceum  at  14:15; 

F.  T.  Avignone,  University  of  South  Carolina  and  M.  Month,  Brookhaven  National  Laboratory,  presiding. 

HA  1  Solcnoidal  Detector  Collaboration.  G.  H.  TRILLING,  University  of  California  at  Berkeley.  (25  min.) 

HA  2  The  L*  Detector  at  the  SSC.  D.DlliVTOli'TO,  University  of  Alabama.  (25  min). 

HA  3  The  Empact  Detector  for  the  SSC.  J.  E.  BRAU,  University  of  Oregon.  (25  min.) 

HA  4  “TEXAS”:  A  Calorimeter-Based  High-Rate  Detector  for  the  SSC.  L.  SULAK,  Boston  University.  (25  min.) 
HA.  5  A  Super  Fixed  Target  B-Pliysics  Facility.  B.  COX,  University  of  Virginia,  (25  min.) 

HA  6  Proposed  Detectors  for  the  SSC.  bf.LOCKYUK,  University  of  Pennsylvania.  (25  min.) 


SESSION  HB:  ACCELERATOR  TECHNOLOGY 

Wednesday  afternoon,  7  November  1990;  Union  Building,  Room  410  at  14:00;  K.  Bcthge,  University  oi . .  .nkfurt,  presiding 
HBl  The  Texas  A&MK500  Cyclotron  Facility.*  D.  H.  YOUNGBLOOD,  Texas /l<5Af  £/niW/y.  (20  min.) 

lha  lasaa  ASK  K500  cg^cdafcrcn,  using  a  PBS  souzos,  prockioed  first  bem  in  3aM,  1588,  with  IXM 
d^veced  fa:  aegeriaes^  in  (TUly,  1588.  PerfoOBtioe  and  reliability  iipcwed  oonsitteably  with 
the  ooBfiletlcn  of  an  BCR  oousoe  in  Neweadeer,  1989.  Sie  design  liaits  of  the  cyslotzm  allow 
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delivering  Q/A  1/2  baens  to  80  MelV/nucleon  enl  utanim  beae  to  8  tfeW/tuclaon  with  cucxant  BCR 
aouEca  tadmology.  matzunentaticn  is  in  qpexiAim  or  mlsr  oonBtnKtion  .£or  a  variaty  of 
studlas.  A  4  pi  nautxon  caloriMtar  for  teavy  ion  reaction  Etuliee  is  now  in  opacaticn,  a  peoton 
apactivater  for  (d,^)  and  (n,p)  studies  of  GaMceHVellea:  states  is  naaring  coq^detion,  a  S7 
dernt  BaF2  array  is  on  order,  a  beta  epectrcaeter  for  studying  anaaalaus  positxon-elactixn 
aadssion  fraa  very  taaeNy  ion  reactions  will  be  reerly  tbis  year,  and  a  recoil  saas  epeotrcweter  of 
tww  desigp  0B|»ble  of  boas  rejection  for  nost  reactions  d  interest  is  under  construction. 

asqppocted  in  part  by  Tbs  Itbert  A.  Hdcfa  Fotsidetion  aaid  tbe  U.S.  Department  Ebargy  under  Gtsi^ 
Ce-FQ(&-e6ZR402S6. 


HB  2  Status  of  the  K1200  Cyclotron  at  the  NSCL.-*  P.  MILLER,  Michigan  State  University.  (20  min.) 

During  the  past  16  months  the  K1200  cyclotron  has  delivered  heavy  ion  beams  to  an  interim  target 
area  while  beamlines  and  target  station  equipment  were  converted  to  their  planned  final  (Phase  2) 
configuration.  This  construction  and  subsequent  testing  will  be  completed  by  the  end  of  1990. 
The  target  stations  and  detectors  are  S320  (magnetic  spectrometer),  4  pi  Array,  Miniball,  92  inch 
chamber,  U  of  H  superconducting  solenoid,  RPMS  (reaction  product  mass  spectrometer),  and  the 
activation  and  recoil  implantation  station.  A  beam  analysis  system  called  the  A1200  connects  the 
K1200  cyclotron  to  the  rest  of  the  beam  transport  system.  It  is  designed  as  a  large  acceptance 
fragment  separator  to  produce  and  deliver  radioactive  secondary  beams  to  other  experimental 
apparatus.  The  K1200  cyclotron  and  its  predecessor,  the  K500,  receive  ions  from  any  of  3  ECR  ion 
sources  via  a  beam  switchyard.  Either  cyclotron  may  be  used  Independently.  The  highest  beam 
energies  delivered  so  far  are  100  MeV/u  for  ‘-N  and  '“Ar,  85  HeV/u  for  ’"Ne,  60  MeV/u  for  "Kr  and 
50  MeV/u  for  ‘*’Xe.  Fully  stripped  ions  at  energies  above  150  MeV/u  will  be  available  in  1991. 

•Supported  by  the  National  Science  Foundation  |IPHY89-13815. 


HB  3  Calculation  of  “Ghost”  Beam  Parameters  in  Linear  Accelerators.*  J.  D.  FOX,  Florida  State  University.  (20  min.) 

Different  ion  species  with  equal  chai-ge/mass  ratios  will  be  accelerated 
and  deflected  equally  by  an  accelerator  system.  We  have  explored  the 
acceleration  of  ions  with  unecnial  charge/mass  through  the  F.  S.  U. 
superconducting  linear  accelerator.  An  example  of  a  ghost  beam  which 
was  accelerated  through  the  tandem  Van  de  Graaff  injector  and  linear 
accelerator  will  be  discussed  along  with  examples  of  other  ghost  beam 
phenomena  of  importance  to  nuclear  reaction  experiments. 

♦Supported  by  the  National  Science  Foundation  and  the  State  of  Florida. 

The  work  reported  here  was  done  in  collaboration  with  A.  D.  Frawley  and  N. 

R.  Fletcher. 


HB  4  The  Neutral  Beam  Test  Facility  and  Radiation  Effects  Facility  at  Brookhaven  National  Laboratory.* 

R.  B.  McKENZIE-WILSON,  Brookhaven  National  Laboratory.  (20  min.) 

As  part  of  the  Strategic  Defense  Initiative  Brookhaven  National  Laboratory  (BN  has  constructed  a  Neutral 
Beam  Test  Facility  (NBTF)  and  a  Radiation  Effects  Facility  (REF).  These  two  facilities  use  the  surplus  capacity 
of  the  200-MeV  Linac  injector  for  the  Alternating  Gradient  Syncrotron  (.\GS).  The  REF  can  be  used  to  study 
radiation  damage  effects  in  space  from  both  natural  and  man  made  radiation  sources.  The  H~  beam  energy, 
current  and  dimensions  can  be  varied  over  a  wide  range  leading  to  a  broad  field  of  application.  The  NBTF  has 
been  designed  to  carry  out  high  precision  experiments  and  contains  an  absolute  reference  target  system  for  the 
on-line  calibration  of  measurements  carried  out  in  the  experimental  hall.  The  H~  beam  energy,  current  and 
dimensions  can  also  be  varied  over  a  wide  range  but  with  restrictions  depending  on  the  required  accuracy.  Both 
facilities  are  fully  operational  and  will  be  described  together  with  details  of  the  associated  experimental  programs. 

*Work  performed  under  the  auspices  of  the  U.S.  Array  Strategic  Defense  Command,  Huntsville,  AL. 


HB  5  A  High  Stability  Accelerator  for  Ion  Beam  Diagnostics  in  aTokamak. 

J.  B.  SCHROEDER,  National  Electrostatics  Corporation.  (5  min.)  (Invited  Poster  Paper.  Sec  Poster  Display  PB'  14) 

A  2  MV  single  ended  accelerator  has  been  developed  for  probing  a  Tokaraak  plasma  with  a  heavy  ion  beam. 
This  high  .current  Pelletron  is  designed  to  deliver  up  to  200  wA  of  2  MeV  Ti'*'  for  plasma  diagnostics. 
Stringent  energy  stability  requirements  have  led  to  the  development  of  an  improved  accelerator  voltage 
control  system  incorporating  a  capacitive  tank  liner.  The  special  design  features  and  performance  of 
this  system  will  be  discussed. 


HP  6  Ion  Beam  Acceleration  by  RFQ  with  LC  Rvoonance  Circuit.*  Y.  HAKAMATA,  Hitachi  Research  Laboratory,  Japan.  (20  min.i 

To  develop  a  high  current  MeV  implanter,  ion  beam  acceleration  feasibility  using  a  variable 
energy  RFQ  system  has  been  studied.  The  RFQ  system  consists  of  an  LC  resonance  circuit  emd 
conventional  RFQ  electrodes  1. 3  m  in  length.  The  energy  can  be  continuously  varied  by 
changing  the  resonance  frequency  of  the  circuit.  The  electrodes  are  designed  to  accelerate  an 
N'beam  of  10  )ieV  to  270  keV  in  order  to  investigate  fundamental  acceleration  characteristics 
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of  this  system.  An  intervane  voltage  of  26  k.V  is  needed  to  accelerate  N*.  By  improving  the  LC 
resonance  circuit  to  generate  a  high  voltage  of  rz^io  frequency,  the  intervane  voltage  of  40 
kV  at  21kW  RF  power  was  obtained,  a  value  sufficient  for  MeV-range  acceleration.  Experimental 
results  showed  that  N*  beams  were  accelerated  to  265  keV  and  Ar*’  to  750  keV.  foergy  was 
varied  by  changing  the  frequency,  in  agreement  with  the  calculated  value.  It  was  concluded 
that  the  RFQ  system  driven  by  the  LC-circuit  should  be  very  useful  for  MeV  ion  iaplantaticn 
in  semiconductor  fabricatioa 

*11118  work  was  carried  cut  under  the  RSD  Program  "Advanced  Material  Processing  and  Machining 
System",  conducted  by  the  New  Energy  and  Industrial  Technology  Develc^paient  Ckrganixation. 

‘  Vtork  performed  in  coll2dx>ration  with  K.  AtOtlYA,  K.  IQKIOXIHI  and  N.  SAXUOO,  Hitachi  Res.  Lab. , 
S.  YAMAHA  and  Y.  HIRAO,  National  Institute  of  Radiological  Science,  Anagawa  Chiba  260  Japan. 


HB7  Status  of  the  ATLAS  Accelerator.  G.'P.ZlNKANN,Argonne  National  Laboratory.  (20  min.) 


SESSION  HC:  RADIATION  PROCESSING 

Wednesday  afternoon,  7  November  1990;  Union  Building,  Room  412  at  14:00;  M.  Oeland,  Radiation  Dynamics,  Inc.,  presiding 

HC  1  Dual  Linear  Accelerator  System  for  Use  in  Sterilization  of  Medical  Disposable  Supplies. 

T.  SADAT,  MeV  Industrie  SA,  France.  (25  min.) 

Accelerators  are  used  for  steriliztion  or  decontamination  (medical  disposables,  food, 
plastics,  hospital  waste...).  Most  of  these  accelerators  are  inserted  in  an  industrial 
environment  and  have  to  have  a  high  availability.  Industrial  and  economic  constraints  have 
to  be  taken  into  account  by  the  manufacturers  of  linear  accelerators: 

-  the  system  must  be  flexible  and  reliable, 

-  maintenance  has  to  be  easy, 

-components  must  be  strong  and  available  on  the  market  (which  reduces  maintenance  cost) , 

-  the  system  must  fit  with  handling  system. 

Some  10  MeV  20  kW  accelerators  have  been  operating  fc-  about  10  years  and  are  well-tested 
machines.  Economic  and  industrial  data  are  also  available.  In  some  cases,  higher  power 
seems  to  be  requested  (because  of  a  higher  throughput) .  However,  instead  of  proposing  a 
prototype  machine  with  higher  power,,  it  seems  to  be  more  reasonable  to  propose  a  dual  system. 
A  dual  accelerator  system  (composed  of  two  Accelerators)  offers  an  optimal  flexibility  and 
reliability.  The  main  advantage  of  this  system  is  "all-in  all-out"  becausw  it  does  not  need 
a  turnover  of  products.  Such  a  dual  system,  composed  of  two  10  MeV  20  kW  linear  accelerators 
(instead  of  a  40  kW  one),  has  been  chosen  by  a  Swedish  company  (Molnlycke) .  Technical, 
industrial  and  economic  advantages  of  such  a  system  will  be  described  in  this  lecture. 


HC2  Materials  Modification  with  Accelerator.  S.V.tlABLOiEnergySciences,  Inc.  (25  min.) 

HC  3  The  Impels  10  MeV,  SO  kW  Electron  Linacs:  Launching  an  Industrial  Accelerator  Project. 

A.  J.  STIRLING,  Atomic  Energy  of  Canada  Limited,  Canada.  (25  min.) 

HC  4  Advances  in  X-Ray  Processing  Technology  11.  M.  R.  CLELAND,  Radiation  Dynamics,  Inc.  (25  min.) 

*  In  collaboration  with  C.C.  Thompson,  Radiation  Dynamics,  Inc.,  Edgewood,  NY;  C.M.  Herring 
and  M.C.  Saylor,  Johnson  &  Johnson,  New  Brunswick,  NJ;  D.P.  Sloan,  CH2M  Hill,  Albuquerque, 
NM;  M.T.  O'Neill,  Becton  Dickinson  (  Company,  Franklin  Lakes,  NJ  and  J.M.  Hansen,  Isomedix, 
Inc.,  Whippany,  NJ. 


HC  5  A  New  Linear  Accelerator  Facility  for  the  Treatment  of  Agricultural  Commodities. 
B.  J.  SMITTLE,  Department  of  Agriculture  and  Consumer  Services.  (25  min.) 

*  In  collaboration  with  M.E.  Rhodes 


HC  6  Production  of  Uniform  and  Well-Confined  Beams  by  Nonlinear  Optics. 

BARBARA  BLIND,  Los  Alamos  National  Laboratory.  (25  min.) 

Particle  beams  with  uniform  and  well-confined  intensity  distributions  arc  desirable  for  medical  treat¬ 
ment,  food  irradiation  and  ion  implantation.  Moreover,  such  beams  are  essential  in  the  development 
of  iiigh-intensity  accelerators  whose  beams  are  to  be  directed  onto  targets  for  use  or  disposal.  One  ac¬ 
cepted  method  for  beam  shaping  employs  nonlinear  beamline  elements,  in  particular  octupoles  and  to  a 
lesser  degree  magnets  of  even  higher  odd  multipolarity.  This  method  is  not  limited  to  the  production  of 
uniform  beam  distributions.  The  history  of  this  field  is  reviewed.  Beam  redistribution  is  explained  and 
the  degree  of  uniformity  and  confinement  achievable  under  various  conditions  is  discussed.  The  effect 
of  beam  jitter  on  the  distribution  is  considered.  A  possible  alternative  to  the  use  of  combined-function 
multipolcs  is  presented.  Applications  of  the  method  arc  given  as  examples  throughout. 

•Work  supported  by  Los  Alamos  National  Laboratory  Program  Development,  under  the  auspices  of  the 
United  States  Department  of  Energy. 
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SESSION  HD:  ACCELERATOR  PRODUCTION  OF  MEDICAL  RADIOISOTOPES 
Wednesday  afternoon,  7  November  1990;  Union  Building,  Room  411  at  14:00; 

H,  B.  Hupf,  Hybritech,  Inc.  and  J.  E.  Beaver,  Oak  Ridge  National  Laboratory,  presiding 

HD  1  Alternate  Methods  of  Stable  Isotope  Enrichment  for  Medical  Accelerator  Targets. 
G.  E.  MICHAELS,  Oak  Ridge  Notional  Laboratory.  (20  min.) 


HD  2  Design,  Construction,  and  Automation  of  a  New  Positron  Emission  Tomography  Facility. 

R.  D.  HICHWA,  University  of  loua  Medical  Center.  (20  min.) 

PET  technology  Is  becoming  more  widely  accepted  as  a  diagnostic  Imaging  modality  for  the 
determination  of  brain,  heart,  tumor  and  other  organ  system  function.  The  number  of  PET  centers 
In  the  U.S.  Is  expected  to  double  from  approximately  30  to  60  In  Jie  next  2-3  years.  Few  architects 
have  experience  with  the  design  of  these  special  laboratories.  There  Is  an  extreme  shortage  of 
qualified  radlochemlsts,  physicists  and  technicians  to  staff  these  facilities.  In  order  to  facilitate  this 
expansion,  criteria  have  been  established  to  tailor  the  design  of  the  laboratory  to  meet  the  needs  of 
the  clinical  and  research  community.  Systems  that  were  once  handled  manually  can  now  be 
automated  to  reduce  persoimel  requirements.  New  radiation  protection  standards  are  forcing  PET 
Centers  to  develop  methodologies  to  cut  releases  by  100  to  1000  fold.  Alternatives  to  concrete 
vaults  for  cyclotron  shielding;  unattended  operation  of  the  cyclotron:  robotic  radlochemlstry; 
radioactive  exhaust  gas  monitoring  and  control:  and  Integration  of  computing  facilities  for  image 
processing,  data  storage,  and  laboratory  automation  will  be  discussed. 


HD  3  Regulation  of  Cyclotron  Radiopharmaceutical  Production  and  Distributions:  An  Agreement  State  Perspective. 

JON  R.  SHARP,  Texas  Department  of  Health.  (20  min.) 

While  research  accelerators  producing  radioactive  material  have  been  regulated  for  some  time,  the  use 
of  such  devices  in  the  preparation  and  distribution  of  radiopharmaceuticals  has  been  confined  to  a  few 
coEunercial  firms  and  pioneering  medical  institutions.  Such  use  requires  multi-agency  approval.  The 
agencies  Involved,  particularly  state  agencies,  may  not  always  be  equally  Informed  in  the  state  of  the 
art,  may  not  have  adopted  positions  or  developed  guidance  with  regard  to  their  own  rules  for  such 
activities  and  may  not  have  staff  trained  and/or  available  to  respond  expeditiously  to  authorization 
requests.  Accelerator  operators  may  also  not  be  conversant  with  applicable  requirements.  This 
presentation  will  describe  the  recent  experience  of  the  Texas  Bureau  of  Radiation  Control  with  two 
cyclotcon  facilities  within  its  jurisdiction. 


HD  4  Radionuclide  Production  with  70-MeV  Proton  Accelerators:  Current  end  Future  Prospects. 

M.  C.  LAGUNAS-SOLAR,  University  of  California,  Davis.  (20ii'.lr..) 

Th«  production  of  radionuclides  via  proton/deuteron  beam  accelerators  is  rapidly  being 
expanded  as  a  result  of  new  medical  research  and  clinical  needs.  Hew  diagnostic  modalities 
such  as  Positron  Emission  Tonography  (PET)  requires  that  short-lived  (<  2  h)  positron 
emitters  be  produced  and  incorporated  onto  radiopharmaceuticals  rapidly  and  efficiently,  and 
within  the  proximity  of  imaging  facilities.  Therefore,  the  planning  and  installation  of 
most  PET  facilities  around  the  world  includes  a  proton  accelerator  (i.e.,  cyclotron)  and 
ancillary  radiochemistry/radiophamaceutical  facilities.  These  facilities  would  then 
operate  a  low-energy  proton/  deuteron  accelerator,  capable  of  large  production  throughput, 
but  severely  limited  in  their  capabilities  to  produce  other  medical/  research  radionuclides 
or  to  support  regional  needs.  While  the  current  justification  for  low-energy  accelerators 
is  strong,  Iona-  term  needs  and  the  expectation  for  PET  techniques  to  be  expanded  to  other 
types  of  PET  radiopharmaceuticals  labeled  with  longer-lived  positron  emitters,  are  not  being 
considered.  The  production  of  F-18  via  high-energy  reactions,  and  of  longer-lived  positron 
emitters,  such  as  18-h  Co-55,  and  6-d  Te-118  ->  Sb-118  (3.5  min]  and  25-d  Sr-82  ->  Rb-82 

[1.27  min]  generators,  with  70-MeV  accelerators  is  being  developed  (*)  and  would  justify 
considering  the  installation  of  regional-type  facilities  to  support  present  (i.e.,  0-15, 

C-ll,  N-13,  r-18)  as  well  as  future  radionuclide  production  needs.  Modern  high-intensity  H- 
accelerators  are  available,  with  simultaneous  dual-beam  capabilities,  and  high  reliability 
of  operation.  These  accelerators  should  then  be  strong  candidates  to  support  the  planning 
and  operation  of  regional  facilities.  The  integration  of  modern  70-MeV  accelerators  as  a 
resource  to  supply  future  needs  and  the  expectations  for  an  expanded  role  for  PET,  will  be 
discussed  based  upon  newly-developed  radionuclide  production  methods  (1-3). 

(*)  Supported  by  OC  Davis/Crocker  Nuclear  Laboratory  Research  Grants. 

(1)  M.  Lagunas-Solar  et  al.,  Int.  J.  Appl.  Rad.  Isotopes,  39,  41-47  (1988); 

(2)  M.  Lagunas-Solar  et  al.,  Int.  J.  Appl.  Rad.  Isotopes,  41,  349-357  (1990); 

(3)  M.  Lagunas-Solar  et  al.,  Int.  J.  Appl.  Rad.  Isotopes,  41,  521-529  (1990). 


HD  5  Utilization  of  a  Hospital-Based  Medical  Cyclotron  for  Commercial  Radionuclide  Production. 

T.  E.  BOOTHE,  Mount  Sinai  Medical  Center,  Miami  Beach.  (20  min.) 

Mount  SbiiH  operate*  a  TCC  (Cyclotron  Corporation)  CS-30  cyclotron  capable  of  acceierating  protons  26.5 
MeV.  The  machin*  wae  inttaKed  in  1972  and  since  that  time  has  been  used  for  radiopharmaceutical  research 
and  development  for  nuclear  medicine,  for  routine  radiopharmaceutical  deliveries,  and  for  commerctai  sales 
of  radlochemic^s.  The  emphasis  in  each  of  these  areas  has  changed  over  the  years  with  the  financial 
•Ituation  of  the  hospiud  being  the  major  determinant.  Various  aspects  of  the  production  of  gallium-67  will  be 
used  to  Ulustrate  how  a  commercial  operation  fits  into  the  daily  schedule  and  controls  to  a  large  extent  the 
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goals  of  the  facility.  Recently,  in  order  to  maximize  the  output,  we  have  investigated  the  production  of  several 
radionuclides  that  are  produced  simultaneously  with  gallium-67  from  the  same  target.  Some  of  these  are 
copper-64,  copper-67,  and  zinc-62  (copper-62),  all  of  which  are  useful  in  radiopharmaceutical  R&D  and  have 
commercial  potential. 


HD  6  Scattering  of  Particle  Beams  Through  Thick  Foils  and  the  Application  to  Cyclotron  Targetry.* 

D.  J.  SCHLYER,  Brookhaven  National  Laboratory.  (20  min.) 

The  growing  application  of  PET  requires  the  production  of  short-lived  positron  emitting  isotopes  using  an  accelerator  with 
the  associated  targetry.  One  of  the  important  parameiers  of  the  design  of  these  targets  is  the  front  foil  window  and  the 
angle  of  scatter  through  this  window.  The  case  of  thin  windows  has  been  extensively  explored  but  the  thicker  windows 
(.0025  cm  to  .0075  cm)  has  been  less  well  studied.  A  systematic  study  of  the  scattering  through  these  windows  and  a 
comparison  to  the  theoretical  calculations  has  been  carried  out.  A  comparison  of  the  experimental  results  to  calculated 
results  form  several  different  theoretical  models  demonstrates  that  the  simple  model  predicts  the  results  within 
experimental  uncertainty  and  the  more  sophisticated  models  are  not  necessary.  The  calculated  values  agree  quite  well 
for  the  thinner  windows  if  the  scattering  angle  at  the  average  energy  of  the  beam  is  used. 

*  Research  carried  out  at  King  Faisal  Specialist  Hospital  Research  Center,  Riyadh,  Saudi  Arabia  11211. 


SESSION  HE:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 
Wednesday  afternoon,  7  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  14:00; 
A.  L.  Ford,  Texas  A&M  University,  presiding 


HE  1  Multiple  Ionization  of  He,  Ne,  and  Ar  by  High  Velocity  N^’*' Ions.*  O.  HEBER,'*'  Texas  AiM  University.  (20  mm.) 

The  velocity  dependence  of  multiple  ionization  by  fully  stripped  nitrogen  ions  is  being 
investigated  from  10  Co  AO  MeV/amu.  The  He,  Ne,  and  Ar  target  ion  charge  state  distributions, 
produced  in  single  collisions,  are  measured  by  time-of-flighc  spectroscopy.  The  ratios  of  the 
double  to  single  ionization  cross  sections  for  He  are  much  larger  and  decrease  more  slowly  with 
velocity  chan  the  ratios  predicted  by  current  theories.^  The  multiple  ionization  cross  section 
ratios  for  He  and  Ar  targets  display  similar  behaviors  and  their  velocity  dependencies  are  not 
replicated  by  Independent  particle  model  calculations.  These  results  suggest  that  electron 
correlation  effects  are  more  important  in  the  high  velocity  regime  than  previously  believed. 

New  results  with  40  HeV/amu  and  comparisons  with  the  semicnplrlcal  analysis  of  Andersen  ot 
al.^  will  be  presented. 

*Work  supported  by  the  Division  of  Chemical  Sciences  of  the  U.S.  Department  of  Energy  and  the 
Robert  A.  Welch  Foundation. 

|Prescnt  address:  Department  of  Nuclear  Physics,  Weizmann  Institute,  Rehovot,  Israel 
^0.  Heber,  B.  B.  Bandong,  G.  Sampoll,  and  R.  L.  Watson,  Phys.  Rev.  Lett.  £4,  851  (1990). 

^L.  H.  Andersen,  P.  Hvelplund,  H.  Knudsen,  S.  P.  Holler,  A.  H.  Sorensen,  K.  Elsener,  K.-C. 
Rensfelt,  and  E.  UggerhoJ ,  Pliys.  Rev.  A36.  3612  (1987). 


HE  2  Two-Electron  Excitation  in  Slow  Ion- Atom  Collisions.  Excitation  Mechanism  and  Interferences  Between  A  utoionizing  States.* 
M.  KIMURA,  Argonne  National  Laboratory.  (20  min.) 

By  measuring  the  ejected  electron  in  coincidence  with  the  projectile,  Horgenstern  and  co-wor)iers’  were 
able  to  extract  information  about  scattering  amplitudes  for  the  He(2p^)  *D,  He(2s2p)  ^P,  and  He(2s^)  's 
excited  states  in  Li*  +  He  collisions  in  the  energy  range  from  1  IceV  to  3  XeV.  On  the  basis  of  this 
information,  they  proposed  excitation  mechanisms.  Furthermore,  Horgenstern 's  group^  an-i  Furunc  et  al. 
had  previously  reported  the  ejected  electron  energy  distribution  (EED)  resulting  from  collisions  of  Li* 
ions  with  He  atoms  in  the  energy  range  of  0.8  keV  to  3  keV  and  the  observation  of  several  Interference 
structures.  We  have  recently  investigated  the  two-electron  excitation  process  and  the  EED  in  H*  +  He 
and  Li*  +  He  collisions  in  the  energy  range  0.5  keV  to  10  keV.  He  focused  on  a  systematic  study  to 
identify  the  origins  of  interferences  that  cause  structures  in  the  EED.  Candidates  we  examined  for 
dominance  were  interference  between  (1)  different  states  of  one  doubly  excited  state,  (ii)  doubly 
excited  states  from  both  the  autoionizing  atomic  state  and  the  Penning  state,  (ill)  different  ionization 
mechanisms  (direct  ionization  or  autoionization),  (iv)  different  paths  of  heavy  particles,  (v)  incoming 
and  outgoing  parts  of  the  collisions,  and  (vi)  electrons  with  identical  energy  ejected  at  different 
internuclear  distances.  We  found  that  causes  (ii),  (iv),  (v),  and  (vi)  dominate.  Our  results  provide  a 
reasonable  interpretation  of  the  structures  in  the  observed^  EBD  and  also  predict  new  structures  (i)  in 
the  tail  on  the  lower  side  of  the  molecular  autoionization  (HA)  peak  and  (ii)  between  the  KA  peak  and 
the  atomic  autoionizatlcn  peak. 

*Hork  supported  in  part  by  the  U.S.  Department  of  Energy,  Assistant  Secretary  for  Energy  Rsuearch, 

Office  of  Health  and  Environmental  Research,  under  Contract  H-31-109-ENG-38. 

'p.  van  der  Straten,  R.  Horgenstern,  and  A.  Hiehaus,  J.  Phys.  B  21 ,  1573  (1988). 

^C.  J.  Zwakhals,  R.  Horgenstern,  and  A.  Niehaus,  Z.  Phys.  A  307,  41  (1982). 

^H.  Furune,  F.  Koike,  and  A.  Vagishlta,  J.  Phys.  B  J_6 ,  2539  (1983). 
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HE  3  Far  ut  Spectroscopy  of  Highly  Ionized  Argon  Using  Complementary  Technique. 

EMILE  KNYSTAUTAS,  Universite  Laval,  Canada.  (5  min.)  (Invited  Poster  Paper;  See  Poster  Display  PA  86) 

The  far  uv  spectroscopy  of  highly  ionised  argon  has  been  studied  with  particular  attention  paid  to 
core^)(cited  motastabte  states.  Excitation  by  foil-excited  MeV  beams  is  compared  with  single- 
and  double-electron  capture  into  excited  states  during  low-energy  charge  exchange  of  highly 
ionised  argon  ions  in  helium  and  hydrogen  targets.  The  use  of  complementary  techniques  aids  in 
line  identification  through  the  high  charge-state  selectivity  of  the  charge-exchange  process,  the 
use  of  lifetime  measurements,  and  consideration  of  the  different  excitation  and  cascsKie  processes 
involved.  Finally,  comparisons  are  made  using  isoelectronic  sequences  and  model-potential 
calculations.  A  number  of  new  lines  are  reported  as  well  as  iifetime  determinations.  A 
concurrent  experiment  using  MeV  hydrogen  beams  on  gaseous  argon  targets  is  also  presented. 


HE  4  Convoy  Electrons  Produced  by  SO  MeV  ^He*'*'  Ions.  M.  MANNAMI,  Kyoto  University,  Japan.  (20  min.) 

Yields  of  ImaB-foll  convoy  electrons  tre  leasured  at  transilssion  of  50  MeV  ions  t)irough  thin 

solid  foils.  The  foils  were  C,  Al,  Tl,  Hi,  Ho,  Ag,  7a  and  Au  of  thicknesses  about  1  /U  a,  <7  of 
thicknesses  ranging  froa  l/i  g/ca^  to  100//  g/ca^  and  Au  coated  by  C  layers  of  thicknesses  less  than  15 
//a.  Froa  the  calculated  charge  state  fractions  of  the  foil  transaitted  ions,  it  is  shown  that  the 
yield  of  convoy  electrons  is  proportional  to  the  fraction  of  ^He^  in  the  transaitted  beaa.  They  are 
related  by  Y  =  K*Pi,  where  Y  is  the  yield  of  convoy  electrons  per  ion,  K  is  (2.4  ±  1.5)  x  lO'^  and  Fi 
is  SHe*-fraction  in  the  transaitted  beaa.  This  result  is  shown  to  be  explained  in  teras  of  last  layer 
BLC  process.  The  process  of  convoy  electron  production  is  discussed  in  relation  to  the  Rydberg  states 
foraatlon. 


HE  5  A  Study  of  LMM  Auger  Spectra,  Transition  Energies,  and  Peak  Intensity  Variation  In  SI  (SIH4)  and  P  (PH3) 

Produced  by  0.4  to  2.1  MeV  He"*"  Ion  Bombardment.  D.  POWERS,  Baylor  University.  (20  min.) 

S  and  P  IM4  Auger  spectra  with  resolution  0.45  eV  produced  under  0.4  to  2.1  MeV  He'*'  ion  bonibardineit  of 
silane  and  phosphine  gas,  respectively,  reveal  more  lines  (12  or  more  in  Si  and  10  or  more  in  P)  at  an  ion 
velocity  near  that  of  the  electrons  in  the  shell  of  the  target  atatis  tlian  at  other  ion  velocities. 

Auger  peak  energies,  widths,  and  relative  intensities  in  Si  and  P  produced  with  resolution  0.30  eV  under  0.8 
and  1.05  MeV  He^  ion  Ixxrbardhent,  respectively,  are  given.  The  Auger  peak  energies  in  Si  are  compared  to 
those  prodUMd  under  500  eV  electron-bombardmait  elsevdiere  and  to  existing  theory,  vAiile  those  in  P  are 
discussed. 

*ln  collalooration  with  W.  M.  Ariyasinghe 


HE  6  Spectroscopy  of  Sub-keV,  Ion-Induced  X-Rays  Using  Si  (Li)  Detectors.* 

R.  G.  MUSKET,  Lawrence  Livermore  National  Laboratory.  (20  min.) 

Windowless  and  ultra-thin  windowed  Si(U)  de*3ctors  are  useful  for  energy-dispersive  spectroscopy  of  x-rays 
wth  energies  above  200  eV.  With  a  few  precautions,  such  detectors  are  well-suited  for  analysis  of  particle- 
induced  x-ray  emissions  (PIXE).  PIXE  has  proven  useful  both  as  a  stand-alone  analysis  technique  and  as  a 
complement  to  other  ion-beam  analysis  techniques.  Properties  of  the  detectors  are  reviewed  with  regard  to 
the  iimlts  they  impose  on  detection  efficiency,  output  linearity,  energy  resolution,  and  peak  shapes.  In 
addition,  considerations  related  to  vacuum  requirements,  x-ray  absorption  due  to  ice  and  to  various 
windows,  removal  of  scattered  ions  from  the  .x-ray  detector  axis,  and  long-term  detector  stability  are 
discussed.  Finally,  the  question  of  efficiency  calibration  (or  sub-keV  x-rays  is  addressed. 

'Work  was  performed  under  the  auspices  of  the  U.S.  DOE  by  Lawrence  Livermore  National  Laboratory 
under  Contract  No.  W-7405-Eng-48. 


HE  7  Retonant  Dielectric  Excitation.  C.R.  VANE,,  Oak  Ridge  National  Laboratory.  (20  min.) 


SESSION  HF:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA  (STORAGE  RINGS) 

Wednesday  afternoon,  7  November  1990;  Union  Building,  Golden  Eagle  Suites  B  and  C  at  14:00; 

J.  R.  Mowat,  North  Carolina  State  University,  presiding 

HF  1  Results  and  Perspectives  after  Two  Years  of  Atomic  Physics  Experiments  at  the  TSR. 

ANDREAS  WOLF,  Physikalisches  Institut  dc-  Universilal,  Federal  Republic  of  Germany.  (40  min.) 

Rasults  of  the  atonic  physics  experiments  at  the  heavy  ion  Test  Storage  Ring  (TSR)  in 
Heidelberg  are  presented  and  plans  for  the  next  future  are  discussed.  The  main  fields 
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of  study  are  inelastic  interactions  of  highly  charged  ions  with  free  electrons,  laser 
cooling  and  spectroscopy  of  fast  ion  beams,  and  the  properties  of  very  cold  stored  Ion 
beams.  State-selective  dielectronic  recombination  rates  and  radiative  recombination 
rates  of  few-electron  heavy  ions  were  measured  using  the  electron  cooling  device  of 
the  TSR.  In  particular,  dielectronic  recombination  of  hydrogen-like  ions  was  measured 
for  the  first  tine  at  a  high  energy  resolution.  Further  studies  of  inelastic  processes 
with  free  electrons  and  their  use  for  spectroscopic  investigations  are  planned.  Using 
singly  charged  Li  and  Be  ions,  laser  cooling  of  relativistic  ions  in  a  storage  ring 
was  demonstrated  for  the  first  time,  yielding  beam  temperatures  below  1  K.  Work  is 
in  progress  on  reaching  even  lower  temperatures.  A  precision  experiment  aiming  at 
tests  of  special  relativity  and  making  use  of  the  low  beam  temperature  is  in 
preparation.  Diagnostic  methods  for  cold  ion  beams  were  tested  and  are  being  further 
developed. 


HF  2  Laser  Physics  with  Fast  Stored  Ions  at  ASTRID.  M.  KRISTENSEN,'  University  of  Aarhus,  Denmark.  (40  min.) 

At  the  ASTRID  storage  ring  in  Aarhus,  cold  beams  of  different  singly  charged  ions  were 
successfully  stored  at  low  energies  in  the  spring  of  1990.  Using  beam-position 
monitors  and  Schottky  noise  pick-ups  a  wide  spectrum  of  collective  beam-dynamics  was 
observed.  Laser  spectroscopy  was  used  to  probe  the  velocity  distribution  and  beam 
dynamics  in  a  lOOkeV  '  Li^  beam.  The  method  offer  new  possibilities  to  investigate 
intra-beam  scattering,  debunching  and  other  relaxation  phenomena  for  an  ion  beam. 
After  an  initial  phase  of  intra-beam  relaxation  lasting  a  few  hundred  milliseconds, 
it  was  possible  to  laser  cool  the  part  of  the  beam  present  in  the  metastable  state. 
Two  lasers  co-  and  counterpropagating  with  the  ion  beam  were  used.  The  beam  energy 
and  velocity  spread  of  the  laser  cooled  distribution  was  completely  determined  by  the 
lasers.,  and  an  ion  temperature  close  to  the  diffusion  limit  for  laser  cooling  ^  Li*  was 
obtained. 

'in  collaboration  with:  J.S.  Nielsen,  P.  Shi  and  O.  Poulsen,  to  be  published. 


HF  3  Atomic  Physics  at  the  lUCF  Cooler  Storage  Ring.*  J.  A.  TANIS,  Western  Michigan  University.  (40  min.) 

An  atomic  physics  program  has  been  initiated  at  the  Indiana  University  Cyclotron  Facility 
utilizing  the  Ion  Storage  Ring  and  Electron  Cooler.  Fundamental  atomic  processes  are 
investigated  by  merging  a  high  velocity  (>  0.1c)  ion  beam  with  the  electron  cooling  beam.  The 
intense  electron  beam  (up  to  >  1  A)  coupled  with  the  high  energy  resolution  (>  8x10-°)  possible 
for  the  ion  beam  permit  the  study  of  processes  which  tjere  previously  difficult  or  impossible 
using  conventional  crossed-  or  merged-beam  techniques.  In  our  initial  effort  at  lUCF  we 
investigated  dielectronic  recombination  (DR)  for  lS">nln*r  transitions  in  He*  +  e- 
collisions.*  This  work  was  done  using  the  storage  ring  and  cooler  in  a  "single-pass”  mode, 

i.e.,  the  He*  ions  circled  the  ring,  passed  through  the  electron  cooling  region,  were  deflected 
by  a  ring  magnet,  and  then  collected  in  a  Faraday  cup.  Events  resulting  in  DR  in  the  2.8-m 
long  electron  cooler  region  were  detected  by  observing  neutral  He  atoms  which  exited  through  a 
0"  port.  By  ramping  the  relative  electron  energy,  DR  maxima  were  observed  for  electron 
velocities  less  and  greater  than  the  ion  beam  velocity,  respectively.  At  zero  relative  energy, 
a  peak  due  to  radiative  recombination  was  observed  between  the  DR  maxima.  Because  the 
measurements  were  conducted  in  a  single  pass  mode,  the  ion  beam  current  was  accurately 
measured,  thereby  giving  reliable  cross  section  values.  Additional  DR  studies  are  planned  for 
Li*  ions  and  higher  2  ions  if  these  latter  ions  can  be  made  available  at  lUCF,  and  it  is  also 
planned  to  study  radiative  recombination  for  these  various  ions.  Once  the  DR  and  radiative 

diaonosHcrrnr^th  f  undc-stood  and  calibrated,  these  results  may  provide  valuable  beam 
diagnostics  for  the  storage  ring  and  cooler  facility. 

Supported  in  part  by  the  U.S.  Department  of  Energy,  Office  of  Ha<-ir  Pnom 

Sciences,  Division  of  Chemical  Sciences.  ^  Energy 

See  3.  A.  Tanis  et  al.,  Nucl.  Instrum.  Meth.  Phys.  Res.  B43.  290  (1989). 


HF  4  .The  Experimental  Program  at  the  ESR  Heavy-Ion  Cooler  Ring. 

T.  KUHL,  GSI  Darmstadt,  Federal  Republic  of  Germany.  (40  min.) 

In  apnl  of  this  year,  operation  started  of  the  heavy-ion  storage  ring  CSR'.  First  electron-cooling  ofa  beam  of  naked  argon  ions 
was  performed  by  the  end  of  may.  The  design  allows  to  store  ions  from  the  SIS  heavy-ion  synchrotron  or  secondary  beams 
produced  and  prepared  m  an  m-IIight  fragment  separator^  at  energies  up  to  1  GcV,'u.  At  these  energies,  uranium  ions  can  be 
fully  stnppcd.  Specific  expenmental  equipment  of  the  system  includes,  besides  the  electron-cooler  section,  pick-ups  and  kickers 
for  stochastic  cooling,  an  internal  gas  target,  detectors  for  charge-changed  ions,  x-ray  and  optieal  detectors.’  Experiments  are 
under  way  to  measure  the  size  and  energy  dependence  of  the  electron-cooling  force  and  of  charge  changing  processes  in  the 
cooler,  i.e.  radiative  electron  capture  and  dielectronic  recombination,  for  heavy,  highly  charged  ions.  In  addition,  a  laser  system 
is  set  up  to  study  light-indueed  electron  capture  and  to  perform  precision  optical  spectroscopy 

/.  B.  Franzke.  Nucl.  Instr.  A  Meth.  B24I25.I8  (1987) 

2.  G.MUnzenberg  et  al..  Proceedings  of  the  First  Int.  Conf.  on  Radioactive  Beams. 

W.D.  Myers.  J.M.  Nitschke  and  E.B.  Norman  ed..  World  Scientific.  Singapore  1989.  p.  91 

3.  W.  Henning.  The  Research  Program  at  SISjESR.  GSI  preprint  89-34(1989) 
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HF  5  CRYRING,  A  Small  Synchrotron  Storage  Ring  for  Cold  Highly  Charged  Beams. 
R.  SCHUCH,  Manne  Siegbahn  Inslituie,  Sweden.  (40  min.) 


SOCIAL  HOUR 

Wednesday  evening,  7  November  1990 
Union  Building,  Second  Floor  at  17:00 


SOCIAL  HOUR 

Wednesday  evening,  7  November  1990 
Union  Building,  Second  Floor 


BANQUET 

Wednesday  evening,  7  November  1990 
University  of  North  Texas  Coliseum  at  18:30 


TRAX'ELING  PHYSICS  CIRCUS 
Wednesday  evening,  7  November  1990 
Physics  Building,  Room  102  at  21:00 
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SESSION  lA;  SYNCHROTRON  RADIATION  II 

Thursday  morning,  8  NoYcmber  1990;  Union  Building,  Room  410  at  9:00;  K.  W.  Jones,  Brookhaven  National  Laboratory,  presiding 


lA  1  Recent  Developments  at  the  Synchrotron  Radiation  Center.* 

D.  L.  HUBER,  Synchrotron  Radiation  Center,  University  of  Wisconsin — Madison,  Stoughton.  (20  min.) 

We  present  an  overview  of  the  current  status  of  the  Synchrotron  Radiation  Clenter.  New 
beamlines  and  improvements  to  the  Aladdin  storage  ring  are  discussed,  and  plans  for  future 
insertion  devices  and  accompanying  beamlines  are  highlighted. 

■  Supported  by  the  National  Science  Foundation. 


lA  2  Research  Opportunities  at  the  Advanced  Light  Source.'  A.  S.  SCHLACHTER,  Lawrence  Berkeley  Laboratory.^  (20  min.) 


Now  under  construction  at  the  Lawrence  Berkeley  Laboratory,  the  Advanced  Light  Source  (ALS)  is  a 
third-generation  synchrotron  radiation  facility  based  on  a  low-emittance,  1.5-GeV  electron  storage 
ring  with  10  long  straight  sections  available  for  insertion  devices  and,  initially,  24  bend-magnet  ports. 
Undulators  will  provide  high-brightness  radiation  to  photon  energies  above  2  keV;  wiggler  and  bend- 
magnet  radiation  will  extend  the  spectral  coverage  with  high  fluxes  to  above  10  keV.  Research 
opportunities  when  the  ALS  begins  operations  as  a  U.S.  Department  of  Energy  national  user  facility, 
now  scheduled  for  the  spring  of  1993,  will  be  described. 

^This  work  was  supported  by  the  Director,  Office  of  Energy  Research,  Office  of  Basic  Energy  Sciences, 
Division  of  Materials  Sciences,  of  the  U.S.  Department  of  Energy  under  Contract  No.  DE-AC03- 
76SF00098. 

2ln  collaboration  with  A.  L.  Robinson,  Lawrence  Berkeley  Laboratory 


lA  3  Technological  Applications  cf  Synchrotron  Radiation  at  the  Synchrotron  Radiation  Center  of  the  University  of  Wisconsin.* 
E.  M.  ROWE,  Synchrotron  Radiation  Center,  University  of  Wisconsin — Madison,  Stoughton.  (20  min.) 


The  use  of  synchrotron  radiation  for  fundamental  research  in  a  wide  range  of  disciplines 
is  now  well  established,  world  wide.  Not  so  well  known  are  the  technologically  oriented 
programs  that  arc  now  in  progress  on  Aladdin  (1),  the  1  GeV  electron  storage  ring  at  the 
Synchrotron  Radiation  Center  of  the  University  of  Wisconsin-Madison.  We  describe  three 
such  programs  :  X  ray  lithography,  X  ray  microscopy,  and  high  T,  superconductor  to  normal 
conductor  junction  technology. 

‘Supported  by  the  National  Science  Foundation. 

1.  E.M  Rowe,  Proceedings  of  the  Ninth  International  Conference  on  the  Application  of 
Accelerators  m  Research  and  Industry,  Denton,  TX,  November  10-12,  1986,  414. 


lA  4  Utilization  of  a  Commcrciclly  Supplied  Synchrotron  Radiation  Source. 

BEN  CRAFT,  Louisiana  State  University  Center  for  Advanced  Microstruciures  and  Devices,  Baton  Rouge.  (20  min.) 


Louisiana  Stale  University  (LSU)  is  developing  the  (^nter  for  Advanced  Microstructures  and  Devices'  (CAMD)  in 
Baton  Rouge,  Louisiana.  The  centerpiece  of  CAMD  will  be  a  1.2  GeV  electron  storage  ring  purchased  from  Maxwell 
Laboratories,  Inc.’  The  hi-tech  building  for  CAMD  has  been  designed  by  TECH-IV  of  Baton  Rouge  with  engineering 
support  from  Lester  B.  Knight  and  Associates  of  Chicago.  The  storage  ring  has  been  optimized  for  X-ray 
Dthography.  The  procedures  developed  at  CAMD  for  printing  integrated  circuits  may  well  be  of  significant  importance 
to  U.S.  competativeness  in  semiconductor  and  related  industries.  The  spectral  range  of  the  ring  also  supports 
scientific  an'i  engineering  activities  in  other  areas  of  research  and  analysis  that  may  be  of  Industrial  intrest 

'B.C.  Craft,  AM.  Rndley,  G.U  Rndley,  J.D.  Scott,  and  F.H.  Watson.  NIM  B4(V41.  379  (1989). 

’R.  Sah,  "The  LSU  Ele^on  Storage  Ring,'  this  conference. 


lA  5  Survey  and  Alignment  of  the  Advanced  Light  Source  in  Berkeley.*  R.  KELLER,  Lawrence  Berkeley  Laboratory.  (20  min.) 


The  Advanced  Light  Source  (ALS),  now  under  construction  at  Lawrence  Berkeley  Laboratory, 
IS  a  synchrotron  radiation  source  of  the  third  generation  designed  to  produce  extremely  bright 
photon  beams  in  the  UV  and  soft  X-ray  regions.*  Its  main  accelerator  components  are  a  1  -  1.9 
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GeV  electron  storage  ring,  a  1.5  GeV  booster  synchrotron,  and  a  50  MeV  linac.  The  storage  ring 
has  particularly  tight  positioning  tolerances  for  lattice  magnets  and  other  components  to 
assure  the  required  operational  characteristics.  The  general  survey  and  alignment  concept  for 
the  ALS  is  based  on  a  network  of  fixed  monuments  to  which  all  component  positions  are 
referred..  Measurements  include  electronic  distance  measurements  and  direction  sightings 
with  electronic  data  capture.  Data  are  processed  by  a  customi2ed  version  of  the  computer  code 
GEONET2  which  provides  raw  data  reduction,  calculation  of  adjusted  coordinates,  and  error 
analysis.  Additionally,  for  local  survey  tasks  the  commercial  software  package  ECDS^  is  used. 
In  this  paper,  the  ALS  survey  and  alignment  strategy  and  techniques  are  presented  and 
critically  discussed;  first  experiences  with  alignment  of  the  linac  and  booster  components  are 
described. 

*  Work  supported  by  the  Director,  Office  of  Energy  Research,  Office  of  Basic  Energy  Sciences, 
Material  Sciences  Division,  U.S.  Department  of  Energy,  under  Contract  No.  DE-AC03-76SF00098. 
*1-2  GeV  Synchrotron  Radiation  Source,  Conceptual  Design  Report,  LBL  Pub.  5172  Rev.),  1986. 
2H.  Friedsam,  R.  Pushor,  and  R.  Ruland,  SLAC-PUB-4142,  Nov,  1986 

^Kem  Instruments  Inc.,  Electronic  Coordiante  Determination  System,  Instruction  Manual,  1986 


lA  6  The  Louisiana  State  Unireisity  Electron  Storage  Ring. 

RICHARD  SAH,  Brobeck  Division,  Afaxweil  Laboratories,  Inc.,  Richmond.  (20  min.) 

The  Brobeck  Division  of  Maxwell  Laboratories,  Inc.,  is  building  an  electron  storage  ring  for  Louisiana  State  University  (LSU). 
This  turnkey  project,  the  first  storage  ring  to  be  built  commercially  in  the  United  States,  will  be  krcated  at  the  Center  for 
Advanced  Microstructures  and  Devices’  (CAMD)  in  Baton  Rouge.  The  storage  ring  system  consists  of  a  1.2  GeV,  400  mA 
storage  ring  and  a  200  MeV  linac  injector,  and  it  will  provide  Intense  beams  of  x-rays  for  research  in  x-ray  lithography  and 
in  other  areas.  The  magnet  lattice  has  a  Chasman-Green  design;  and  four  3-meter,  zero-dispersion  str^ht  sections  are 
Incorporated  in  the  storage  ring,  which  has  a  55.2-mefer  drcumference.  The  design  phase  of  the  construction  project  has 
been  completed,  and  major  components  are  being  tebricated. 

’B.C.  Craft,  A.M.  Rndiey,  G.L  Findley,  J.D.  Scott,  and  F.H.  Watson,  Nucf.  Instr.  and  Meth.  in  Phys.  Research,  B40/41. 379 
(1989) 


lA  7  Investigations  of  Catalysts  Using  Synchrotron  X-Ray  Microscopy.*  K.  W.  JONES,  Brookhaoen  National  Laboratory.  (20  mm.) 


Synchcoccon  x-ray  alcroscopy  (XRH)  is  an  effective  approach  Co  the  characterization  of  different  C3rpes  of 
catalysts.  XRH  can  be  used  to  aeasure  the  spatial  distribution  of  elements  in  thin  sections  of  catalytic 
pellets  with  spatial  resolution  of  less  chan  10  nicromecers  and  with  aininum  detection  limits  around  1  part 
per  million.  In  this  node  it  is  complementary  to  the  use  of  the  electron  cicroprobe.  XRH  can  also  be  used 
for  computed  nicrocomography  (CHT)  based  on  x-ray  absorption  measurements  and  in  some  cases  on  the 
detection  of  fluorescent  x  rays.  These  techniques  are  being  used  at  the  Brpokhaven  National  Synchrotron 
Light  Source  X-26  XRH  facility  to  investigate  several  different  types  of  catalysts.  .The  distribution  of 
Cr-sllica  catalyst  in  polyethylene  pellets  was  investigated  using  CHT.  CHT  was  also  applied  to  study  of 
fluid  catalysis  cracicing  and  hydrotreating  catalysts.  In  Che  latter  cases  maps  were  also  made  using  x-ray 
fluorescence  to  relate  the  dlscrlbucion  of  specific  elements  to  the  tomographic  linear  attenuation 
coefficient  images. 

*Suppocced  by  US  Department  of  Energy,  Office  of  Basic  Energy  Sciences,  Chemical  Sciences  Division, 
Contract  No.  DE-AC02-76CH00016. 
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SESSION  IB:  ATOMIC  PHYSICS 

Thursday  morning,  8  November,  1990;  Union  Building,  Golden  Eagle  Suite  A  at  9:00; 
G.  Basbas,  Physical  Review  Letters,  presiding 


IB  1  Atomic  Physics  with  the  Texas  A&M  ECR  Source.*  R.  L.  WATSON,  Cyclotron  Institute,  Texas  A&M  University.  120  min.) 


An  elecccon-cyclotcon-cesonance  (ECR)  ion  source  has  been  conscrucced  to  provide  highly  charged 
ions  for  injection  into  the  KSOO  superconducting  cyclotron.  The  ECR  source  is  cedius-sized  vith 
a  Sd-Co  hcxapole  surrounding  a  13.7  ca  diaseter  second  stage.  Hicrouave  power  for  the  source  is 
provided  by  a  2.0  KU,  14.5  GHz  CranSDitCer  for  the  first  stage  and  a  3. 25  KU,  6.4  GHz 
transcittcr  for  the  second  stage.  The  ions  arc  extracted  at  10  to  20  iCeV/ebarge.  An  atoaic 
physics  beamlinc  is  now  connected  to  the  source  and  is  being  used  extensively  for  a  variety  of 
experlaents  ranging  froa  the  investigation  of  charge  exchange  with  gas  targets  to  the  study  of 
x-ray  enission  following  electron  capture  froa  solid  surfaces. 

*Work  supported  by  the  Division  of  Cheaical  Sciences  of  the  U.S.  Departaent  of  Energy  and  the 
Robert  A.  Uclch  Foundation. 


IB  2  Double  Excitation  of  Helium  by  Fast  Protons  and  Antiprotons.*  JACK  C.  STRATON,  Kansas  State  University.  {20  min.) 


The  charge  sensitivity  uf  this  two-electron  process  is  investigated  as  a  tool  for  undetitandlng  correlation.  The  helium 
wave  function  is  approximated  by  a  sum  of  pair-products  of  one-electron  wave  functions,  with  the  coefficients  chosen  by 
minimizing  the  fully  correlated  two-elcctron  Hamiltonian.  Thus,  spatial  correlation  is  included  in  both  the  asymptotic 
and  scattenng  regions  Ly  using  these  Configuration  Interaction  (Cl)  wave  functions  for  initial,  intermediate,  and  final 
states.  Use  of  Cl  nave  functions  also  allows  the  first-order  contributions  to  be  expressed  in  closed,  analytical  form. 
Both  the  energy -conserving  and  cnergy-nonconserving  parts  of  the  second-order  aioplitude  are  found.  The  former  (a 
correlated  geneiaiizaiion  of  the  Independent  Electron  Approximation)  is  analytical  and  the  latter  is  a  one  dimensional 
integral.  It  is  found  that  the  double  excitation  cross  sections  are  sensitive  to  the  sign  of  the  projectile  charge.  Comparison 
is  ^ven  with  the  experimental  results  of  Pedersen  and  Hvelplund*  and  Giese  el  al} 

'Supported  by  the  Division  of  Chemical  Sciences,  U.S.  Department  of  Energy. 

‘J.O.P.  Pedersen  and  P.  Hvelplund,  Phys.  Rev.  Let.  62,  2373  (1989). 

*J.  Giese  el  al.,  Phys.  Rev.  (August  1, 1990) 


IB  3  Space  and  Time  Correlation  in  High-Velocity  Multiple  Electron  Transitions.* 
J.  H.  McGuire,  /  R.  MacdonaU  Laboratory,  Kansas  Slate  University.  (20  min.) 


In  collisions  of  high  velocity  projectiles  of  charge  Z  and  velodQ  v,  perturbations  expansions  in  Z/v  usually  converge 
when  Z/v  <  1.  Under  these  conditions  Z’  contributions  to  cross  sections  for  two  electron  transitions  (e.g.  double 
excitation)  may  arise  if  there  is  interference  between  first  order  and  second  order  contributions  to  the  probability 
amplitude.  Non-zero  7?  terms  in  two  electron  excitation  or  ionization  cross  sections  occur  if  spatial  electron 
correlation  is  present.  For  double  excitation  non-zero  7?  contributions  require  a  correlation  in  time  as  well.  This 
time  correlation  corresponds  to  quantum  time  ordering  arising  from  virtual  off-energy-shell  intermediate  states.  As 
with  second  order  amplitudes  for  Thomas  singularities  in  single  electron  capture,  the  energy  non-consetving  amplitude 
IS  connected  to  the  energy-conserving  amplitude  in  second  order  in  Z  by  a  dispersion  relation.  Generalization  to 
higher  order  transitions  (e.g.  triple  exdtation)  is  discussed. 

*  Supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Science,  Office  of  Energy  Research, 

U.S.  Department  of  Energy. 


IB  4  Secondary  Electrons  from  Charged  Particle  Collisions  with  Atoms  and  Molecules.* 
M.  E.  RUDD,  University  of  Nebraska,  Lincoln.  (20  min.) 


Since  a  large  fraction  of  the  energy  transfer  m  energetic  atomic  collisions  is  in  the  production  of  secondary  electrons, 
most  of  the  radiation  effects  arc  a  result  of  this  process.  Therefore,  a  knowledge  of  the  energy  spectrum  (and  for 
some  purposes  the  angular  disinbulion)  of  secondancs  is  crucial  m  understanding  the  intcravlion  of  charged  particles 
with  matter.  Semi  empincal  models  for  the  differentia!  cross  sections  for  secondary  electron  production  by  proton' 
and  electron  impact  on  atoms  and  moieculcs  have  been  developed  which  summarize  a  large  amount  of  information  in 
the  form  of  analytical  equations  with  a  few  parameters  for  each  target  species. 

*Supportcd  by  the  National  Science  Foundation. 

'M.E  Rudd,  Phys.  Rev.  A.  23,  6129-6137  (1988). 
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IB  S  Kansa.'  Stale  Zero  Degree  RTEA  I'xperinients.*  P.  RICHARD,  J.  R.  Macdonald  Laboratory,  Kansas  State  University.  (20  min.) 


The  {?t  2£  resonances  formed  by  resonance  excitation  in  e‘  +  Ion  (Is)  collisions  are  studied  by  the  Resonant 
Transfer  and  Excitation  Auger  (RTaV)  decay  method.*  Loosely  bound  Hj  Target  Electrons  observed  at  zero  degrees 
in  the  laboratoiy  frame  correspond  to  180*  elastic  scattering  in  the  projectile  frame.  The  ab  initio  theoretical 
calculations  of  the  coherent  resonance  plus  Rutherford  elastic  scattering  cross  sections*  are  compared  with  the 
experimental  results.  The  resonances  are  observed  with  a  resolution  of  approximately  1.5  eV,  The  experimental 
Auger  decay  rates  are  obtained  from  the  resonance  analysis.  The  (2p*)*D  resonance  is  the  dominate  resonance  in  the 
Auger  decay  channel  for  the  cases  studied  (C^*,  N**,  O'*,  and  F®*).  The  results  of  this  experiment  are  compared 
with  the  e'  +  O’’*  DR  me^urements  recently  performed  with  the  heavy-ion  Test  Storage  Ring  in  Heidelberg.® 

*  Supported  by  the  Division  of  Chero'ca!  Sc'ences,  Office  of  Basic  Energy  Sciences,  Office  of  Energy  Research, 

U.S.  Department  of  Energy. 

*  In  collaboration  with:  H.I.  Hidmi,  D.!!.  Lee,  J.M.  Sanders,  J.L.  Shinpaugh,  TJ.M.  Zouros,^*  C.P.  Bhalla,  and 
B.D.  DePaola. 

Dept,  of  Physics,  Univ.  of  Crete,  Iraklion,  Qete,  Greece. 

*  TJ.M.  Zouros,  D.H.  Lee,  P.  Richard,  J.M.  Sanders,  J.L  Shinpaugh,  S.L  Varghese,  K.R.  Karim,  and  C.P.  Bhalla, 
Phys.  Rev.  A  6246  (1989);  and  Phys,  Rev.  A  42,  678  (1990). 

*  C  **.  Bhalla,  Phys.  Rev.  Letts.  1103  (1990). 

®  G  Kilgus,  J.  Berge,,  P.  Blatt,  M.  Grieser,  D.  Habs,  B.  Hochadel,  E.  Jacschke,  D.  Kramer,  R.  Neumann,  G. 
Neureither,  W.  Ott,  D.  Schwalm.  M.  Steck,  R.  Stokstad,  E.  Szmola,  ard  A.  Wolf,  Phys.  Rev.  Letts.  Mi  737  (1990). 


IB  6  Coupled  Subshell  Description  of  the  L-Sbell  loiilzaticn  in  Asymmetric  Ion-Atom  Collisions. 
V.  ZORAN,*  Institute  of  Atomic  Ph’sics,  Romania.  (20  min.) 


L-Subshell  ionization  cross  section  for  co'.lisions  of  Be,  C,  F,  Mg,  Si  and  S  ions  with 
Au  and  Th  in  the  energy  range  of  0.5-2. 5  MeV/U  are  calculated  within  a  one 
(relativistic)  electron  coupled  subshell  approximation,  and  compared  with  the 
experimental  data  of  ref.  (1) .  A  fair  agreement  is  obtained  once  the  matrix  elements 
of  the  projectile  perturbing  potential  are  renormalized  to  account  for  the  screening 
due  to  the  target  spectator  electrons.  The  present  calculations  orovide  the  first 
consiotant,  almost  quantitative  description  of  the  direct  coulom.'.  ionization  and 
vacancy  sharing  among  the  L-Subshells  during  an  asymmetric  ion-atom  collision. 

’a.  Berinde  etal,,  In  Lecture  Notes  in  Physios  Vol.  294,  Eds  D.  Berenyi  and  G.  Hock 
(springer,  Berlin  1988)  P.  107 

*In  Collaboration  with:  The  Authors  of  (1),  in  Particular  I.c.  LeGrand 


IB  7  Resonant  Transfer  and  F’''!tation  (RTE)  in  a  Crystal  Channel.  K.  H.  WANSER,’  California  State  University-Fullerton.  (20  min.) 


We  have  derived  a  transition  amplitude  for  resonant  transfer  and  excitation  (RTE)  in  a  crystal  channel.  Here  we  present  results  of 
a  comparison  with  the  recent  observadens  of  Belkaccm  et  al.  of  titanium  ions  channeled  in  a  thin  gold  ciystal.*  We  introduce  a 
ID  ti[!-t  binding  model  of  the  gold  lattice  to  repmsent  the  crystal's  periodicity  and  connect  with  an  electron’s  momentum  profile 
in  atomic  gold.  We  find,  with  approximation,  that  the  RTE  cross  section  is  proportional  to  the  Compton  profile  of  atomic  gold 
times  a  crystal-structfre  factor.  Our  results  are  analogous  to  multi-slit  interfeience  of  light  with  diffraction.  Because  of  the 
narrowness  of  ti^"  6s  and  5d  Compton  profiles  in  gold,  Belkacem  et  al.  observed  the  principle  maximum  with  a  very  narrow 
width  determined  by  the  crysff '-’s  Fermi  energ)'.  Unlike  the  observations,  however,  we  predict  no  shift  in  the  RTE  peak  other 
about  6eV  finm  the  crystal’s  w.'."!.  fu.ncdon. 

♦  Raearch  siqrporied  by  the  UJS.  Department  Energy,  Division  of  Chemical  Science,  Office  of  Basic  Energy  Science  and 
Energy  Research. 

l.A.  Belkacem  et  al.,  Phys.  Rev.  I.ett.  64, 382  (1990). 


SESSION  IC;  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Thursday  moralng,  8  November  1990;  Union  Building,  Golden  Eagle  Suites  B  and  C  at  9:00; 

S.  M.  Shafroth,  University  of  North  Carolina  at  Chapel  Hill,  presiding 


IC  1  Resonant  Tr.uisfer  and  Excitation  with  /cry  Heavy  Ions.*  W.  G.  GRAHAM,  Queen's  University,  Northern  Ireland.  (20  mm.^ 


Reaofiartt  transfer  and  exertation  (RTE)  occurs  in  the  single  coision  of  an  ion  with  an  atom  through  the  electron  - 
eletrtron  interaction  and  involves  the  capture  of  a  target  electron  simuitaneousty  with  the  excitation  of  the  projectile 
ion.  This  leads  to  formativi  of  an  mtermedlatA  doubly  excited  state  of  the  projectile.  Snee  RTE  is  the  inverse 
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of  the  Auger  tran^on,  resonant  formation  of  the  intermediate  states  will  occur  at  Incident  ion  vekidties  which  equal 
the  Auger  electron  velocities.  RTH  has  been  studied  in  some  detail  for  ions  with  atomic  rumber  less  than  32.  It 
has  been  estabtished^  that  RTE  is  analogous  to  dielectrcnic  reoombinadon  (DR),  where  a  free  electron  is  captured 
and  there  is  generally  good  agreement  between  theory,  based  on  DR  calculaUons,  atxl  experlmenL  RTE  cornpetes 
with  direct  capture  and  the  observation^  of  RTE  in  single-electron  capture  cross  section  measurements  suggested 
that  the  relatively  simple  measuremerrt  of  etectron  capture,  cross  sections  couW  provide  a  detetminatjon  of  RTE 
cross  sections  (or  very  heavy  ions.  Recent  measurements^  of  RTE  for  11^0+  jp  Hg  which  provide  the  first  test  of 
relativistic  RTE,  and  hwice  DR,  calculations  vrill  bo  presented. 

*  Supported  in  part  by  the  Science  and  Engineering  Research  CouncS,  U.K. 

1.  See,  for  example,  J.A.  Tanis,  Nud.  tnstrum.  and  Methods  A262.  ^  (1G97)  and  refererrces  therein. 

2.  W.G.  Graham  et  al,  Phys.  Rev.  A2a>  3591  (1986). 

3.  W.G.  Grah-un,  K.H.  Berkner,  EM.  Bernstein,  M.W.  Clark,  B.  Feinborg,  MA  McMahan  TJ.  Morgaa  W. 
Rathbun,  A.S.  ScMachter  and  JA  Tanis  (submitted  to  Phys.  Rev.  Lett). 


IC  2  Effects  of  Relativity  on  RTE  in  Coliisions  of  with  Light  Targets.*  M.  H.  CHEN,  Lawrence  Livermore  Laboratory.  (20  min.) 


We  have  calculated  the  resonant  transfer  and  excitation  cross  sections  in  collisions  of 
U89+  ion  with  light  targets  in  impulse  approximation  using  the  multiconfiguration  Dirac' 
Fock  metnod.  The  calculations  were  carried  out  in  intermediate  coupling  with 
configuration  interaction  for  intermediate  states  from  the  1s2s2JlnA.'  (2£n£l2  and 
0sil's3)  and  1s2s3fL3fi.‘  configurations.  The  QED  and  finite  nuclear  size  corrections 
were  included  in  the  calculations  of  transition  energies.  The  Auger  rates  were 
caiculated  ‘  ''eluding  the  contributions  from  Coulomb  as  well  as  the  transverse  Breit 
interactions.  Effects  of  re'^t’vj.y  not  only  shift  the  peak  positions  but  also  change  the 
peak  structure.  The  total  ditlectronic  recombination  strength  has  been  found  to 
increase  by  50%  due  to  the  effects  of  relativity.  The  MCDF  results  for  USO-*  and  Ll82+ 
will  also  be  discussed. 

‘Supported  under  the  auspices  of  the  U.S.  Department  of  Energy  by  the  Lawrence 
Livermore  National  Laboratory  under  Contract  W-7405-EN6-48. 


IC  3  High-Resolution  Studies  of  Dielectro.'ilc  Capture  by  Channelled  Heavy  Ions.  E.  KANTER,  Argonne  National  Laboratory.  (20  min.) 


IC  4  Angular  Distribution  of  Projectile  Auger  Electrons  Emitted  Following  O*'*  -1-He  Collisions. 
M.  BENHENNI,  University  of  North  Carolina,  Chapel  Hill.  (20  min.) 


IC  5  Angular  Distribution  of  Auger  Electrons  and  Photons  In  Resonant  Transfer  and  Excitation  in  Collisions  of  Ions  with  Light  Targets, 
C.  P.  BHALLA,  J.  R.  Macdonald  Laboratory,  Kansas  State  University.  (20  min.) 


It  is  shown  that  angular  distributions  of  Auger  electrons  and  x-rays  from  deexcitation  of  doubly  excited  states  produced 
in  the  resonant  transfer  and  excitation  of  projectiles  in  coliisions  with  an  atom  is,  In  general,  not  isotropic  in  the  projectile 
frame.  The  x-ray  emission  is  nonisolropic  with  respect  to  the  projectile  beam  direction  because  the  doubly  excited  states 
produced  are  collisionally  aligned.'  The  x-rays  are  linearly  polarized  in  RTEX.  The  Auger  electron  emission  to  the 
ground  state  shows  nonlsotropic  behavior  due  to  the  alignment,  and  the  interference  with  the  elastic  scattering  channel. 
Theoretical  results  are  presented  for  several  cases.  The  angular  distribution  of  the  Auger  electron  is  strongly  peaked  in 
the  forward  direction  in  the  laboratory,  and  the  Auger  electrons  exhibit  significant  deviatior.s  from  the  Lorentzian  profile, 
in  particular  for  large  angles  in  the  laboratory  frame. 

•  Supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Sciences,  Office  of  Energy  Research, 

U.S.  Department  of  Energy. 

'C.P.  Bhalla,  Phys.  Rev.  Lett.  1103  (1990). 


IC  6  Angular  Distribution  '-f  Decay  Products  in  Resonant  Processes.* 

YUKAP  HAHN,  University  of  Connecticut,  Storrs.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  10) 


The  resonant  processes  1  in  electron-ion  collisions  (resonant  excitation  and  dlelcctronic  recom¬ 
bination)  and  in, ion-atom  c-lllsions  (resonant  transfer  excitation  followed  by  radiative  or  Auger 
electron  emission)  are  often  studied  experimentally2,3  by  detecting  the  target  ion  in  its  final 
charge  state,  in  coincidence  with  the  decay  products  (photons  or  electrons)  at  some  fixed  angles. 
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However,  detailed  study  of  the  angular  distribution  and  polarization  of  the  decay  products  can 
provide  additional  information  on  the  formation  mechanism  and  the  character  of  the  resonant  inter¬ 
mediate  states.  We  examine  thin  problem  theoretlcally^jS,  with  special  emphasis  on  the  Influence 
of  external  fields  which  may  be  present  in  the  interaction  region,  whic.i  can  drastically  modify 
the  resulting  cross  sections^.  Sensitivity  of  the  angular  distribution  on  the  collision  environ¬ 
ment  and  its  potential  applications  are  explored'. 

^Supported  in  part  by  a  DOE  grant. 

1.  Y.  Hahn  and  K.  LaGattuta,  Phys.  Reports  166,  195  (1988) 

2.  G.  H.  Dunn,  XIV  iCPEAC,  D.  C.  Lorents  et  al  eds.  (North-Holland  1986)  p23 

3.  J.  A.  Tanis,  Nucl.  Inst.  Methods  Phys.  Res.  A262.  52  (1987) 

A.  J.  Eichler  and  W.  Fritsch,  J.  Phys.  IW,  1A77  (1976) 

5.  A.  Pochat  et  al,  J.  Phys.  2269  (1982) 


IC  7  Satellite  and  Hypersatellite  Structure  in  the  K-Auger  Spectrum  of  Carbon  Following  Collisions  of  C*'*'  with  He.* 

J.  M.  ANTHONY,  United  States  Naval  Academy.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  35) 

ion  beaiES,  ranging  in  energy  from  3  MeV  to  7  MeV,  were  obtained  from  the  ORNL  EN  tandem  Van  de  Graaff 
facility.  After  passing  through  a  differentially  pumped  helium  target  cell.  Auger  electrons  ejected  in  the  decays  of 
excited  ions  were  energy  analyzed  using  the  HRPES  electrostatic  spectrometer.*  Yields  of  260  eV  to  310  eV  (in  the 
projectile  rest  frame)  electrons  were  measured  and  normalized  into  Auger  production  cross  sections.  Since  a 
sig^cant  fraction  (up  to  -  30%)  of  the  incident  ions  are  in  the  metastable  ls2s  configuration,  single  electron 
capture  into  a  n  ^  3  projectile  orbital  results  in  a  satellite  Auger  transition  (Is2sn6  -  Is^  *S).  Measured  Auger 
production  cross  sections  and  known  values  of  the  metastable  fraction  at  the  various  collision  energies^  were  used 
to  obtain  production  cross  sections  which  are  in  reasonable  agreement  with  calculations  by  McLaughlin  and  Hahn^ 
for  ls2s  -  2s2p^  ^  production  through  resonant  transfer  and  excitation  (RTE). 

*  Work  supported  in  part  by  the  Naval  Academy  Research  (^uncil  and  Oak  Ridge  Associated  Universities. 

*  Oak  Ridge  National  Laboratoiy,  Oak  Ridge,  TN  37831 

**  Dept,  of  Physics  and  Astronomy,  Univ.  of  North  Carolina,  Chapel  Hill,  NC  27514 

*  J.K.  Swenson,  Nucl.  Instr.  &  Meth.  BlO/11  899  (1985). 

*  T.R.  Dillingham  et  al,  Phys.  Rev.  A  22, 3029  (1984). 

^  DJ.  McLaughlin  and  Y.  Hahn,  private  communication. 


1C  8  Coulomh  “Two-Path”  Interference  in  Low-Energy  Ion-Atom  Collisions.* 

J.  K.  SWENSON,*  Laivrence  Livermore  National  Laboratory.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  25) 

A  new  interference  mechanism,  analogous  to  the  "classic"  double-slit  electron  scattering  phenomenon,  has  been  identified 
in  low  energy  ion-atom  collisions.  This  two-path  or  Coulomb  interference  mechanism  results  from  the  existence  of  two 
indistinguishable  najectemes  along  which  autoionizing  electroas.  ejected  following  the  collision,  may  scatter  from  the 
attractive  potential  of  the  slowly  receding  spectator  ion  and  arrive  at  the  detector  with  identical  kinetic  energies.  A  simple 
semi-classical  description  of  this  effect,  which  is  essentially  an  extension  of  Morgenstem's  overlapping  resonances 
modcl[l],  is  present^.  The  result  is  a  Coulomb-focused(2J  PCI-broodened  lineshape  with  a  pronounced  oscillatory 
structure  which  changes  in  its  character  rapidly  with  observation  angle.  Calcalated  interference  lineshapes,  which  include 
contributions  from  nearby  overlapping  states,  ate  in  excellent  agreement  with  the  anomalous  shape  and  strong  angular 
dependence  of  the  He  target  25^  iS  autoionizing  state  lineshape  measured  near  0°,  following  10  keV  He+  +  He  collisions. 

♦Work  supported  in  part  by  the  Office  of  Fusion  Energy,  U.S.D.O.E.  under  contract  No.  AC05-840R21400  with  Martin 
Marietta  Energy  Systems,  the  National  Science  Foundation,  and  under  the  auspices  of  the  U.S.  Department  of  E’.ergy  by 
Lawrence  Livermore  National  Laboratory  under  contract  No.  W-7405-Eng-48. 
lln  collaboration  with  J.  BurgdCrfcr,  C.  C.  Havener,  D.  C.  Gregory,  N.  Stolterfoht,  and  F.  W.  Meyer, 

Oak  Ridge  National  Laboratory,  OcA  Ridge,  TN  37831-6372. 

iR.  Morgenstem,  A.  Niehaus,  and  U.  Thielmann,  J.  Phys.  B:  Atom.  Mol.  Phys.  10, 1039  (1977). 

2j.  K.  Swenson,  C.  C.  Havener,  K.  Sommer,  N.  Stolterfoht,  and  F.  W.  Meyer,  Phys  Rev.  Lett.  35  (1989). 

IC  9  RTE  Interference  Calculations.  T.  REEVES,  Carolina  College,  Conway.  (5  min.) 

(Invited  Poster  Paper:  See  Poster  Di.splay  PA  32) 


IC  10  Double  Differential  Cross  Sections  for  Electron  Capture  to  the  Continuum 
of  Bare  H  and  He  Projectiles  in  Noble  Gases  and  Hydrocarbons. 

G.  BISSINGER,  East  Carolina  University.  (5  min.)  (Invited  Poster  Paper:  See  Poster  Display  PA  27) 


To  further  examine  observed  cu^  shape  changes  between  atomic  and  molecular  gas  targets',  zero^lcgree 
electron  spectra  differential  in  angle  (0*-45°)  and  energy  (d’o/d0dE)  have  been  collect^  for  0.8  MeV/u 
H*  and  He”  on  Ar,  CH*,  and  C*^  with  a  spherical-sector  electron  analyzer  coupled  to  a  drift  region  to 
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derive  angular  information.  The  cusp  spectra,  taken  in  sixteen  angular  steps  of  "03"  each,  are  examined 
for  systematic  changes  in  the  cusp  shape  with  increasing  effective  detector  haif-angle,  as  well  as  for 
differences  among  cusp  angular  distributions  from  atomic,  smali  and  large  hydrocarbon  molecule  gases. 

'Present  address:  U.  Central  Arkatuas,  Conway,  AR  72032 

'G.  Bissinger,  J.  Gaiscr,  J.M.  Joyce  and  M.  Numan,  Phys.  Rev.  Lett.  55, 197(1985);  G.  Bissingcr,  J.M.  Joyce 
and  R.  Mehta,  Nucl.  Instr.  and  Meth.B40/41. 33(1989). 

IC 11  Collisional  Dissociation  of  HD2'*'  Molecular  Ions  in  H2  in  the  Energy  Range  1.5-5.0.‘ 

C.  CISNEROS,*  Instituto  de  Fisica,  UNAM,  Mexico.  (5  min.)  (Invited  Poster  Paper.  See  Poster  Display  PA  45) 

The  Collisional  dissociation  of  HD,*  on  Hj  has  been  studied  for  collision  energies  in 
the  range  1.5  to  5.0  IceV.  The  angular  distributions  of  the  dissociation  fragments  H*, 
D*,  HD*  and  Dj*  were  measured  at  six  energies  in  this  range.  In  addition,  the  velocity 
distribution  for  each  dissociation  product  has  been  determined  for  collision  energy 
3.75  IceV.  The  dissociation  energies  corresponding  to  the  structures  in  the  velocity 
distributions  were  determined.  Substantial  differences  were  observed  between  the 
angular  distributions  of  the  D*  and  H*  fra'gments,  suggesting  an  isotopic  effect. 

♦Research  partially  supported  by  CONACyT  and  DGAPA. 

**In  collaboration  with;  I.  Alvarez,  H.  Martinez,  J.  de  Urquijo  and  A.  Morales. 


SESSION  ID:  SURFACE  ANALYSIS  WITH  ION  BEAMS 
Thursday  morning,  8  November  1990;  Union  Buiiding,  Room  418  at  9:00; 
T.  J.  Shaffner,  Texas  Instruments  Incorporated,  presiding 


ID  1  Grazing-Incidence  Scattering  and  Bcam-Tilted-Foii  Transmission  of  Protons.  N.  H.  TOLK,*  yanderbiit  Unwersity.  130  min.) 

The  proton-surface  complex  constitutes  an  important  model  system  for  studies  of  dynamical 
processes  at  surfaces.  This  paper  will  review  the  electron-transfer  processes  associated  with 
grazing-incidence  scattering  and  beam-tilted-foil  transmission  of  protons.  When  a  proton  is 
scattered  from  a  nickel  surface  at  a  grazing  angle,  the  loosely  bound  metal  conduction 
electrons  are  captured  into  excited  states  of  the  hydrogen  atom.  In  a  similar  manner,  electrons 
are  captured  Into  excited  hydrogenic  states  upon  the  emergence  of  a  beam  of  protons  through  a 
thin  carbon  foil.  As  a  result  of  the  anisotropic  distribution  of  electrons  available  to  the 
protons  at  the  moment  of  the  electron  capture,  these  excited  states  will  have  an  anisotropic 
distribution  of  electrons  in  their  magnetic  sublevels.  This  anisotropy  will  be  manifest  in  the 
polarization  and  angular  distribution  of  the  radiation  emitted  as  the  excited  states  decay  to 
lower  energy  levels.  We  study  the  influence  of  surface  adsorbates  on  the  final  states  of  the 
proton-surface  interaction  in  order  to  better  understand  the  mechanisms  involved  in  the 
electron  exchange  that  leads  to  the  neutralization  of  the  beam.  In  the  grazing-incidence 
experiment  we  have  found  that  even  a  slight  contamination  of  the  surface  drastically  reduces 
the  degree  of  polarization  and  alters  the  pattern  of  quantum  beats  induced  by  an  applied 
electric  field.'  Recently,  v/e  have  begun  to  measure  the  spin-polarized  electron  pickup  by 
protons  scattering  from  an  Fe  crystal.  Marked  differences  in  the  quantum  beats  have  been 
observed  depending  on  the  magnetic  alignment  of  the  electrons  in  the  crystal.  In  the  beam-foil 
experiment,  initial  data  exhibit  anomalous  circular  polarization  which  is  dependent  on  the 
dose.  Further  experimental  and  theoretical  studies  are  necessary  in  order  to  quantify  the 
effects  0.'  overlayers  on  the  proton-surface  interaction  and  to  develop  models  which  describe 
the  mechanisms  that  lead  to  the  observed  final  states. 


’  D.P.  Russell,  R.G.  Albridge,  A.V.  Barnes,  D.L.  Harper,  P.Nordlander,  P.M.  Savundararaj,  J.C.  .ally,  and  N.H.  Tolk, 
Surface  Science,  211/212,  198-206  (1989). 

*  This  work  was  carried  out  in  full  collaboration  with  D.L.  Harper.  P.M.  Savundararaj.  R.G.  Albridge,  A.V.  Barnes,  P. 
Nordlander,  D.P.  Russell  and  J.C.  Tully  and  is  supported  in  part  by  a  grant  from  University  Research  Initiative  of  tho 
Air  Force  Office  of  Scientific  Research  Contract  No.  CASG60-86-C-0014  and  by  Contract  No.  F49620-86-ABC-012C. 


ID  2  Interaction  of  Slow  Ions  with  Surfaces.  W.  HEILAND,  Unwersilat  Osnabruck,  Federal  Rtpublic  of  Germany.  (20  min.) 


The  interaction  of  ions  with  solids  causes  a  number  of  phenomena  like  sputtering,  radiation  damage  and  secon¬ 
dary  emission  of  electrons  which  are  due  to  the  nuclear  interaction  and  to  the  mutual  interaction  of  the  elec¬ 
trons  of  target  and  of  the  projectile.  At  low  primary  energies  the  penetration  of  the  projectiles  into  the 
target  can  become  negligible,  such  that  the  interaction  with  the  surface  atoms  prevails.  The  backscattered 
projectiles  carry  information  about  the  composition  and  the  structure  of  the  surface.  The  electronic  interac¬ 
tion,  1.  e.  charge  exchange  processes,  are  probably  a  key  for  the  understanding  rf  some  processes  like  beam 
assisted  film  growthl)  and  maybe  some  catalytic  reactions2,3).  The  secondary  electron  or  photon  emission  is  al¬ 
so  a  useful  tool  to  study  different  surface  properties,  including  surface  magnetism^). 

1)  S.  R.  Kasi,  H.  Kang,  C.  S.  Sass  and  J.  W.  Rabalais,  Surf.  Sci.  Rep.  10  (1981)  1 

2)  S.  Schubert,  U.  Imke  and  U.  Heiland,  Surf.  Sci.  219  (1989)  2576 

3)  P.  H.  F.  Reijnen,  Thesis,  Amsterdam  1990,  P.  H.  F.  Reijnen  and  A.  W.  Kleyn,  J.  Chem.  Physics 

4)  H.  Winter,  H.  Hagedorn,  R.  Zimny,  H.  Niehaus  and  J.  Kirschner,  Phys.  Rev.  Lett.  62  (1989)  296 
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ID  3  Angle-Resolved  Imaging  of  Single  Crystal  Materials  with  MeV  Helium  Ions. 

MICHAEL  D.  STRATHMAN,  Charles  Evans  &  Associates.  (20  min.) 

A  simple  form  of  angle  resolved  mapping  of  single  crystal  materials  is  the  technique  of  channeling  angular  scans.  Several 
laboratories  have  expanded  this  simple  procedure  to  include  mapping  as  a  function  of  two  independent  tilts.  One 
particularly  notable  image  of  this  ty^e  was  distributed  in  the  form  of  a  poster  by  Zigler  (etal).  Thc..e  images  are 
particularly  suited  to  the  measurement  of  many  ciystal  parameters  including  disorder,  lattice  location  of  impurities,  and 
lattice  stress.  This  paper  will  describe  the  use  of  the  Charles  Evans  &  Assocates  RBS-400'RBS  End  station  for 
acquisition,  display,  and  analysis  of  angle  resolved  images  obtained  from  both  backscuttered  helium  ions  (RBS)  and 
particle  induced  X-Rays  (PIXE).  Typical  data  acquisition  times  are  20  minutci  for  a  +/•  2  Degree  X-Y  tilt  scan  with  2,500 
pixels  (8/100  degree  resolution),  and  10  nanocoulombs  per  pixel. 

ID  4  Case  for  Linking  Partilcc  Backscattering  and  Particle-Induced  X-Ray  Emission  in  an  Integrated  System.* 

A.  LI-SCHOLZ,  *  State  University  of  New  York-Albany.  (20  min.) 

The  many  benefits  of  naving  a  fixed  system  which  allows  for  simultaneous  data 
acquisition  for  elastically-backscattered  ions  and  particle-induced  x-rays  are 
discussed.  We  show  that  linking  the  two  types’  of  measurements  provides  a  particularly 
simple  means  of  measuring  non-Rutherford  scattering  cross  sections  and  x-ray 
production  cross  sections.  In  the  materials  analysis  context,  it  generates  the  non- 
Rutherford  cross  sections  which  are  precisely  appropriate  to  the  researcher's  system 
in  terms  of  scattering  angle,  detector  resolution  and  accelerator  energy  calibration 
and  beam  spread.  In  PIXE  application,  it  allows  comparable  accuracies  to  be  attained 
using  L  x  rays  as  using  K  x  rays.  The  method  is  self-calibrating  in  that  it  does  not 
require  knowledge  of  the  total  projectile  number,  the  target  atom  density  or  the 
solid  angles  of  the  individual  detectors,  or  to  use  any  additional  reference  element. 

*  Supported  in  part  by  National  Science  Foundation  Grant  No.  PHY-8808570. 

In  collaboration  with  W.  Scholz  and  K.  A.  Stevenson. 


ID  5  Ion  Scattering  Studies  of  Modified  Metal  Surfaces.*  R.  J.  SMITH,  Montana  Stale  University.  (20  min.) 

The  technique  of  ion  backscattering  and  channeling  provides  valuable  information  about  the 
structure  of  solid  surfaces,  both  clean  and  as  modified  by  adsorbed  atoms.  Analysis  of  the 
backscattering  data  is  based  on  the  concepts  of  shadowing  and  blocking.  Because  the  theory 
of  Rutherford  scattering  is  well  understood,  it  is  possible,  using  comparisons  between 
experiment  and  computer  simulations  for  model  structures,  to  extract  information  about  the 
geometry  and  dynamics  of  atoms  on  solid  surfaces.  Studies  of  the  structur  of  c'ean  W(llO) 
and  Nb(llO)  surfaces,  and  the  modification  of  these  surfaces  with  H  adsorption/absorption 
will  be  presented.  Ion  scattering  also  provides  structural  information  about  solid-solid 
interfaces.  Results  for  Pd  deposited  on  Al(lll),  and  for  Ni  on  W(llO)  will  be  discussed. 

*  Supported  by  the  National  Science  Foundation  and  the  MONTS  program. 


ID  6  Interface  Adhesion  Enhanced  by  MeV  Ions.  YUANXUN  QIU,  Fudan  University,  People's  Republic  of  China.  (20  min.) 


Electronic  excitation  provided  by  penetrating  MeV  ions  can  be  used  to  improve  significantly  the  adhesion 
strength  between  a  deposited  film  and  a  substrate  without  severe  disturbance  in  the  proximity  of  the 
interface.  Since  the  discovery  of  this  phenomenon  extensive  research  efforts  have  been  made  for  both 
scientific  and  technological  interests,  but  an  unified  picture  of  the  processes,  by  which  the  increased 
bondings  ore  actually  produced,  is  stili  lacking.  The  difficulty  in  search  for  the  origin  of  the  adhesion 
enhancement  is  mainly  due  to  several  distinct  effects  may  occur  simultaneaosly  in  the  interface  region  under 
MeV  ion  bombardment.  In  this  paper  we  shall  present  come  experiments  on  Ag/Ta,  Au/Ta  and 
Ag/TaiOi,Au/TaiO»  interfaces  with  1.6-18  MeV  Si  ions.  The  threshold  doses  for  these  systems  to  pass 
Scotch  tape  test  as  a  function  of  ion  stopping  power  have  been  measured.  Significantly  increased  threshold 
doses  were  observed  with  samples  irradiated  at  low  temperature  showing  that  radiation— enhanced 
interdiffusion  msy  be  involved  in  the  processes.  The  different  behaviour  between  Ag  and  Au  films  indicate 
that  possible  bonds  between  film  and  oxygen  atoms  may  play  an  important  role  in  interface  chemistry 
induced  by  MeV  ions. 


SESSION  IE:  TOMOGRAPHY— RADIOGRAPHY  AND  INTENSE  SOURCES 
Thursday  morning,  8  Novemb'- 1990;  Union  Building,  Room  411  at  9:00; 

I.  L.  Morgan,  IDM  Incorporated  and  W,  E.  Dance,  LTV  Missiles  and  Electronics,  presiding 


IE  1  Ten  Yv  '  After;  Industrial  Computed  Tomography  as  a  Maturing  Technology. 
F.  HOPKINS,  Scientific  Measurement  Systems,  Inc.  (20  min.) 
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IE  2  New  Environmer  -i  at  the  Aurora  Flash  y-Ray  Generator.*  F.  J.  AGEE,  Harry  Diamond  Laboratories.  (20  min.) 

Aurora  is  a  14-TW  generator  built  in  1970  to  produce  a  dose  of  up  to  400  Gy(Si)  (40  krad(Si))  in  a  single  ~100  ns  pulse 
of  iO-MeV  bremsstrahlung.  In  recent  years  the  machine  has  been  upgraded,  both  by  gradual  improvements  to  the  original 
design  and  by  retrofitting  with  new  front  ends.  The  machine  can  now  produce  a  very  intense  bremsstrahlung  pulse  of  3 
kGy(Si)  (300  ktad(.Sij)  over  a  small  volume,  and  both  diffuse  and  intense  electron  beams.  In  the  electron-beam  mode,  gas 
eiosion  cells  have  shortened  the  pulse  to  30  ns  FWHM  with  a  15-ns  risetime,  the  corresponding  bremsstrahlung  pulse  has 
a  risetime  of  10  ns  and  a  width  of  20  ns.  Combining  these  capabilities  produces  the  environment  desired  for  various  tests 
that  need  a  combination  of  bremsstrahlung  and  electron  beams.  In  another  retrofit,  the  primary  y-rays  with  energies  around 
1  MeV  are  converted  by  backscattering  tc  x-rays  with  peak  energy  around  0.2  MeV  and  a  source  strength  of  25  Gy(Si)-m* 
(2.5x10*  rad(Si)-cm*). 

All  other  generators  of  this  type  produce  only  a  single  pulse,  but  Aurora  can  now  generate  two  c^ual  pulses  with 
arbitrary  time  delay.  The  two  pulses  can  be  the  same  amplitude  or  can  be  adjusted  to  different  levels,  and  they  can  each  be 
bremsstrahlung,  electron  beam,  or  a  combination  of  both.  The  paper  describes  the  different  modifications  and  their  products 
in  some  detail,  and  discusses  other  upgrades  under  consideration. 

*  Supported  by  the  Defense  Nuclear  Agency  and  the  US  Army. 

IE  3  Improving  Data  Acquisition  Efficiency  for  Ion  Microtomography.* 

A.  J.  ANTOLAK,  Sandia  National  Laboratories,  Livermore.  (20  min.) 

The  rate  of  data  acquisition  can  limit  the  feasibility  of  implementing  ion  microtomography 
(IMT)  imaging  in  some  applications.  For  fine  spatial  resolution  of  extended  objects,  the 
number  of  required  resolution  elements  (resels)  is  extremely  large.  Additionally,  the  time 
to  acquire  these  data  and  the  computer  memory  required  to  store  the  data  can  be 
prohibitive.  In  existing  IMT  systems,  immediate  improvement  can  be  achieved  both  by 
minimizing  the  number  of  ions  per  resel  necessary  for  a  given  density  confidence  level  and 
by  excluding  extraneous  resels  from  the  data  base.  A  tomography  simulation  computer 
program  is  developed  and  used  to  study  these  techniques  on  carbon  phantoms.  Thf 
simulated  data  are  reconstructed  using  a  filtered  back  -  projection  algorithm  and  presented 
for  comparison. 

D.  L.  WIERU?,  Lawrence  Livermore  National  Laboratory,  Livermore,  CA  94550 

A.  E.  PONTAU,  Sandia  National  Laboratories,  Livermore,  CA  94551 

♦Work  supported  by  U.S.  Department  of  Energy  under  contract  No.  DE-AC04-76P00789. 


IE  4  lutcgration  of  an  Advanced  Scalcd-Tubc  Neutron  Generator  into  a  Mobile  Neutron  Radiology  System  and  Resulting  Performance. 
W.  E.  DANCE,  LTV  Missiles  and  Electronics  Group,  Missiles  Division.'  (20  min.) 


The  first  0IAHE^<1  neutron  radiology  system  is  being  prepared  for  operation  in  the  lABG  laboratories 
in  Ottobrunn  (FRG).  It  utilizes  a  new  0-T  generator,  designated  GENIE  46,  developed  by  SODERN 
(France)  foi  this  application.  The  generator  is  being  integrated  into  an  upgraded  LTV-produced  mobile 
neutron  radiology  system  suitable  for  practical  non-reactor  inspection  of  components  and  structures. 
Maximum  output  of  the  present  version  of  the  GENIE  46  is  5  x  10*1  n  sec'l  (14  MeV)  with  less  than  10 
mA  ion  beam  current  at  225  KV.  Tube  lifetime  at  maximui,.  output  is  approximately  500  hours,  while  at 
lOli  n  sec'l  the  tube  is  designed  for  a  minimum  lifetime  of  1000  liours.  Geometry  of  the  neutron  tube, 
VlIV  connectors,  lon  source  power  supply,  and  cooling  tubes  conpriscs  a  cannister  designed  to  be 
compatible  with  the  10-inch  diameter  opening  in  the  LTV  moderator/collimator  assembly.  3-0  Monte 
Carlo  neutron/  photon  transport  simulations  of  the  new  integrated  radiology  system  operation  have  been 
performed  by  lABG.  The  calculations  predict  a  thermal  neutron  flux  at  the  collimator  exit  (L/0  =  13) 
of  (0  <  En  <  0.3  ev)  =  1.2  x  lO^  n  cm"2  sec”l.  Comparisons  of  this  value  and  other  Monte  Carlo 
results  with  actual  performance  will  be  made  in  the  near  future  with  the  accrual  of  operational  data. 

*In  collaboration  with  Serge  Cluzeau,  SODERN  (France)  and  Hans-Ulrich  Mast,  lABG  (FRG). 

■•■project  in  the  framework  of  the  European  Eureka  initiative. 

Iw.  E.  Dance,  J.  R.  Huriet,  S.  Cluzeau,  H.-U.  Hast,  and  F.  Albisu,  Nuclear  Instruments  and  Methods  in 
Physics  Research  B40/41  (1989)  1316-1321. 


IE  5  Flcsli  X-Ray  Sources  Powered  by  Biumlein  Puisc  Generators.* 

F.  DAVANLOO, Center  for  QuanUm  Electronics,  University  of  Texas  at  Dallas.  (S  min.) 
(Invited  Rosier  Paper;  Sec  Poster  Display  ?B  56) 


Design  and  construction  of  pulse  power  generators  capable  of  discharging  at  high 
repetition  rate  was  reported  recently  by  our  group.''*  They  consisted  of  eight 
trisxial  Blumleins  stacked  in  series  at  one  end.  These  lines  were  charged  in 
parallel  and  synchronously  coinnuted  with,  a  single  thyratron  at  the  other  end. 

In  this  way  relatively  low  cha.vging  voltages  were  multiplied  to  gave  the  desired 
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discharge  voltage  without  the  need  for  complex  Marx  bank  circuitry.  X-ray 
diodes  matched  to  these  pulse  power  systems  emitted  high  average  bremsstrahling 
exposure  rates  from  a  sequence  of  20-40  ns  pulses.  Progress  in  scaling  of  these 
stacked  Blumlein  generators  to  obtain  open  circuit  voltages  in  excess  of  0.5  MV 
is  reported.  Peak  powers  generated  by  discharging  in  an  x-ray  diode  load  exceed 
10^  R/s  and  high  repetition  rate  allows  for  an  average  emitted  x-ray  dose  of 
25  R/s. 

* 

Supported  by  SDIO/IST  through  NRL. 

■•■Co-workers:  J.J.  Coogan,  R.K.  Krause,  J.D.  Bhawalkar  and  C.B.  Collins 

^P.  Davanloo,  J.J.  Coogan,  T.S.  Bowen,  R.K.  Krause,  and  C.B.  Collins,  Rev.Sci. 

Instrum.  59,2260  (1988). 

^J.J.  Coogan,  F.  Davanloo,  and  C.B.  Collins,  Rev.  Sci.  Instrum.  61,1448  (1990). 


IE  6  Computerized  Tomography  with  Monochromatic  X-Rays  from  the  National  Synchrotron  Light  Source.* 
F.  A.  DILMANIAN,'  Froo/rhoeen  National  Laboratory.  (20  min.) 


•A  multiple-energy  computed  tomography  (MECT)  system  which  employs  monochromatic  and  tunable 
33-100  keV  X-rays  from  a  superconducting  wiggler  at  the  National  Synchrotron  Light  Source  is  being 
developed  at  Brookhaven  National  Laboratory.  The  CT  configuration  is  that  of  a  fixed  horizontal 
fan  beam  and  a  subject  seated  in  a  rotating  chair.  Two  quantitative  CT  methods  will  be  used; 

a)  K-edge  subtraction  of  intravenously-administered  iodine  or  a  heavier  contrast  element,  to  image 
brain  tumors,  large  blood  vessels  of  the  lower  head  and  neck,  and  arteriovenous  malformations;  and 

b)  dual-  or  multi-photon  absorptiometry,  to  obtain  two  brain  CT  images  that  map  the  low-Z  elements 
and  the  Intermediate-Z  elements  (i.e.  P,  S,  Cl,  K,  and  Ca)  separately.  The  system  is  expected  to 
provide  O.S  mm  in-plane  spatial  resolution,  with  unprecedented  image  contrast  and  accuracy  of 
quantification.  The  system,  which  is  currently  being  developed,  will  employ  a  two-crystal 
monochromator  and  a  high  purity  Ge  linear  array  detector.  Phantom  and  small-animal  studies  are 
planned  for  the  autumn  of  1990. 

‘Supported  by  the  U.S.  Department  of  Energy  under  Contract  DE-AC02-76CH00016. 

•Collaborating  scientists  include;  L.  E.  Berman,  L.  D.  Chapman,  R.  F.  Garrett,  J.  B.  Hastings, 

T.  Oversluizen,  D.  P.  Siddons,  D.  N.  Slatkin,  V.  Stojanoff,  W.  C.  Thomlinson,  A.  Thompson, 

N.  D.  Volkow,  and  H.  D.  Zeman. 

IE  7  Associated  Particle  Imaging.  PAUL  HURLEY,  Special  Technologies  Laboratory.  (20  ihin.) 

The  design  and  fabrication  of  a  fast-neutron-based  associated 
particle  imaging  system  are  discussed.  The  neutrons,  at  a 
nominal  14  MeV,  are  produced  in  a  sealed-tube  neutron  generator 
(STNG)  via  the  t{d/n)He4  reaction.  The  associated  alpha-particle 
is  imaged  to  define  the  neut  n  direction,  while  the  timing  of 
detection  and  energy  of  a  neutron-produced  inelastic-scatter 
gamma  ray  define  source-to-target  distance  and  target  isotope 
respectively.  The  design  and  manufacture  of  the  (STNG), 
including  beam  optics  calculations,  alpha  detector 
characterization  measurements,  and  prototype  beam  studies,  are 
described.  These  are  characteristic  of  this  system  and  will 
define  many  of  its  final  performance  limitations.  Additional 
items  to  be  discussed  include  gamma-ray  timing  and  energy 
resolution  measurements,  computer  image  enhancement  algorithms, 
data  handling  component  selection,  and  suggested  applications. 

•Collaborated  with:  Albert  Beyerle,  Laura  Tunnell 


IE  8  An  X-Ray  Monochromator  for  Dual-Energy  Computerized  Tomography  Using  Synchrotron  Radiation.* 
H.D.  ZEMAN,'  University  of  Tennessee,  Memphis.  (20  min.) 


Dual-energy  CT  examinations  of  the  brain  will  be  performed  using  synchrotron  radiation  X-ray  beams  at  40 
and  80  keV  to  visualize  the  altered  concentrations  of  the  intermediate-Z  elements  that  occur  in  tumors  and 
blood  clots  The  monochromator  designs  being  considered  allow  rapid  switching  between  these  two  ener¬ 
gies  without  any  change  in  the  position  or  direction  of  the  X-ray  beam.  One  design  uses  the  fundamental 
and  second  harmonic  radiations  from  an  existing  dual-Bragg-crystal  Si<2,2,'s.  monochromator.  The  40  and 
80  keV  beams  would  be  isolated  by  detuning  or  gold  filtration,  respectively.  The  other  designs  utilize 
fundamental  radiations  for  both  energies  and  would  require  some  modification  of  the  existing  monochro¬ 
mator  mechanism  to  achieve  adequate  tuning  speed.  These  designs  use  two  Si<2,2,0>  crystals,  one  with  a 
Bragg  and  the  other  with  either  a  Bragg  or  a  Laue  geometry.  Various  arrangements  are  being  consideref* 
to  achieve  ihe  best  compromise  between  speed  and  accuracy  of  tuning. 

"Supported  by  the  U.S.  Department  of  Energy  under  Contract  DE-AC002-76CH00016. 

•Collaborators  include:  L.E.  Berman,  L.D.  Chapman,  F.A.  Dilmanian,  R.F.  Garrett,  J.B.  Hastings,  T.  Over¬ 
sluizen,  D.P,  Siddons.  V.  Stojanoff,  and  W.C.  Thomlinson. 
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SESSION  IF:  NUCLEAR  PHYSICS 

Thursday  morning,  8  November  1990;  Union  Building,  Room  412  at  9:00; 

George  Vourvopoulos,  Western  Kentuck}  University  and  F.  E.  Dumiam,  University  of  Florida,  Gainesville,  presiding 

IF  1  Spectroscopy  of  Proton-Klch  Nuclei  in  the  Rare-Earth  Region.*  K.  S.  TOTH,  Oak  Ridge  National  Laboratory.  (20  mm.) 


We  have  used  heavy-i on-induced  fusion  reactions  to  produce  rare  earth  nuclei  close  to  the 
proton  drip  line.  Their  decay  properties  were  then  Investigated  with  the  use  of  y-ray,  x-ray, 
and  particle  detectors.  Shell-model  states  near  the  82-neutron  shell  were  examined  and  their 
excitation  energies  determined.  Numerous  new  Isotopes,  isomers,  and  8-de1ayed  proton  emit¬ 
ters  were  discovered.  In  addition,  the  a-decay  properties  of  nuclides  with  N  >  84  were  re¬ 
examined;  this  led  to  the  discovery  cf  several  previously  unobserved  a  transitions.  In  this 
talk  the  overall  experimental  program  will  be  summarized  and  Illustrated  with  some  recently 
obtained  results. 

‘Research  supported  by  the  U.S.  Department  of  Energy  under  contract  No.  OE-AC05-840R21400 
with  Martin  Marietta  Energy  Systems,  Inc. 


IF  2  Compound  Nucleus  X-Ray  Production  Across  a  Nuclear  Resonance  in  the  p  '^Ba  Reaction.* 

D.  W.  SPOONER,  Stanford  Uniuersity.  (20  min.) 

The  Intensity  of  compound  nucleus  (CN)  and  separated  atom  (SA)  x  rays  emitted  in  p*  *  “Ba  collisions  fas 
been  measured  as  a  function  of  proton  energy  near  the  isobaric  analog  nuclear  resonance  at  9-295  MeV. 
X-ray  spectra  were  recorded  in  coincidence  with  protons  scattered  to  a  mean  laboratory  angle  of  176° 
and  detected  by  a  cooled  surface  barrier  detector  which  resolved  elastically  scattered  protons  from 
those  scattered  protons  which  ionized  one  of  the  target's  inner-shell  electrons.  Our  on-line  results 
at  5  different  bombarding  energies  show  excellent  agreement  for  the  predicted  K-shell  ionization 
probability  in  the  neighborhood  of  the  nuclear  resonance.*  The  measured  ratio  of  CN  to  SA  x  rays  is 
less  than  3%  throughout  the  region  of  interest,  fio  significant  enhancement  of  the  CN  x-ray  yield  is 
seen  in  our  data,  yielding  an  upper  limit  for  the  CN  cross  section  Oo<5  mb. 

*In  collaboration  I'lth  W.E.  Meyerhof,  J.N.  Scheurer,  N.  niiar'fiais,  A.  Belkacem  and  H.P.  Hulskotter, 

'P.A.  Amundsen  and  h.  Aashamar,  J.  Phys.  B15,  ii986). 


IF  3  He^-HBe  Neutrino  Experiment.  T.  S.  BHATIA,  Los  Alamos  National  Laboratory.  (20, min.) 


IF  4  High-Resolution  Inelastic  Gamma-Ray  Measurements  with  a  White  Neutron  Source  from  1  to  200  MeV. 
R.  0.  NELSON,  Los  Alamos  National  Laboratory.  (20  min.) 


Measurement  of  prompt  gamma  rays  following  neutron  Induced  reactions  using  HPGe  detectors 
at  the  spallation  neutron  source  LAMPF  provides  extensive  excitation  function  data  for  inelastic 
neutron  scattering  as  well  as  \.  cr  reactions  such  as  (n.a),  (n.na).  (n.d),  (n.nd),  (n.p).  and  (n,xn) 
for  l<x<ll.  The  continuous  energy  coverage  available  from  below  1  MeV  to  ov'r  200  MeV  is 
ideal  for  excitation  function  measurements  and  greatly  extends  the  energy  range  for  such  data. 
The  results  of  these  measurements  will  provide  a  database  for  Interpretation  of  gamma-ray 
spectra  from  the  planned  Mars  Observer  Mission,  aid  In  radiation  heating  and  snlelding  design 
calculations,  auow  verlBcatlon  of  nuclear  reaction  models,  and  Improve  the  evaluated  neutron 
reaction  database. 


IF  5  Reaction  Rate  of  ^Nalp.yl^Mg.*  H.P.  TRAUTVETTER,  West-Wilhelms-Umversitat,  Federal  Republic  of  Germany.  (2Cmin.) 


The  reaction  22)(*(p,y)  j,,,  been  investigated  at  Ep  =*  0.17-1.29  HeV  using  a  22j(a  iaplanted  target,  a 

D2O  threshold  detector  as  well  as  Nal(Tl)  and  Ge-detectors.  Six  resonances  in  this  reaction  have  been 
observed  lor  the  first  tiae.  Their  strengths  as  well  as  upper  liaits  on  the  strength  for  expected 
resonances  in  the  energy  range  covered  are  given.  They  are  significantly  lower  coapsred  to  previous 
estiaates.  The  stellar  reaction  rates  are  known  to  sufficient  accuracy  at  the  iaportant  teaperature 
range  T9  “  0. 1-3.0  covered  by  the  experiaent.  At  lower  teaperatures,  additional  work  is  needed  to  reduce 
the  present  uncertainties  in  the  rates.  The  data  show  that  the  hot  KeHa  cycle  coses  into  play  above  T9  “ 
0.08  for  a  wide  range  of  stellar  densities.  Astrophysical  consequences,  such  as  for  the  He-E  problea  and 
future  r-cay  astronoay,  are  discussed. 

‘Supported  by  DFG,  BHFT,  EEC  and  HSF. 

IF  6  Studies  on  Fission  Phenomena  Induced  by  Charged  Particles  Using  the  JAERI  Tandem  Accelerator. 

Y.  NAGAME,*  Japan  Atomic  Energr  Research  Institute,  Japan.  (20  min.) 

Using  the  JAERI  tandem  acccle  ator,  we  are  studying  fission  in  light  mass  region  of  A  ~  100  to  actinide  region.  In  the 
light  mi^  system,  to  investigate  a  feature  of  the  symmetric  mass  division  at  high  angular  momentum,  we  have  measured 
mass,  angular  and  total  kinetic  energy  distributions  in  the  reactions  ’^Cl_  -1  **Zn  and^‘0  -h  f*y.  Observed  characteristics 
of  the  fully  damped  symmetric  mass  division  products  aie  consistent  with  those  of  the  fission  products  in  heavier  mass 
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systems  The  broad  widths  of  the  mass  and  total  kinetic  energy  distributions  cannot  be  accounted  for  within  the  liquid 
drop  model  This  result  suggests  contribution  of  a  dynamical  effect  including  a  large  amount  of  angular  momentum.  In 
the  heavier  mass  system,  to  study  a  dynamical  motion  of  nucleus  from  a  nearly  sfmerical  to  a  deformed  scission  shape, 
pre-scission  *Hc  particles  in  coincidence  with  fission  products  have  been  measured  in  the  ’®F  +  ’®'Au  system.  Prom  the 
energy  spectra  of  pre-scission  *Hc,  the  effective  emission  barrier  is  reduced  by  the  amount  of  2  MeV  compared  to  the 
respective  absorption  barrier.  The  pre-scission  multiplicity  of  *He  is  explained  by  statistical  mbdel  calculations  which  take 
into  account  the  reduced  emission  barrier.  This  suggests  that  the  pre-scission  *He  is  predominantly  emitted  at  a  strongly 
deformed  compound  nucleus. 

*ln  collaboration  with  H.  Ikezoc,  T.  Ohtsuki  and  N.  Shikazono. 

IF  7  Angular  Dependence  of  the  Doppler  Broadening  in  the  Resonance  of  the  'Hf^NiOy  )*^C  Reaction.* 

Y.  iWATA,  Electrotechnical  Laboratory,  Japan.  (20  min.) 


The  Doppler  broadening  in  the  resonance  of  the  'H('^N,a7)'^C(E,<,=C.385  MeV)  reaction  was  demonstrated  chang¬ 
ing  the  incident  angle  of  '^N  ion  beam  to  the  target  system  of  hydrogen  atoms  adsorbed  at  saturation  in  coverage 
on  a  well  defined  W(OOl)  surface.  Excitation  functions  of  the  reaction  which  suffered  the  Doppler  broadening  due 
to  the  atomic  vibration  of  hydrogen  on  the  surface'  were  measured  by  detecting  the  y-ray  yield  as  a  function  of  the 
incident  energy  of  '^N  ions.  Although  the  integral  of  the  obtained  yield  curve  increases  in  proportion  to  hydrogen 
density  allowed  by  the  ion  beam  as  the  incident  angle  changed  from  0*  to  45*,  the  resonance  width  (the  FWllM  of 
the  curve)  took  a  maximum  value  at  about  15*.  Present  result  surports  the  aproved  EELS  and  IRAS  data  which 
indicated  that  saturated  hydrogen  on  \V(00])  shows  three  vibration  modes,  a  stretch  mode  normal  to  the  surface 
and  two  lateral  vibrations. 

*ln  collaboration  with  the  University  of  Tokyo  and  Osaka  University. 

*  Y  Iwata,  F  Fiijimoto,  E  Vilalta,  A.Ootuka,  K.Kobayashi,  ll.Yainashita  and  Y.Murata,  Jpn.  J.  Appl.  Phys.  26  L1026 
(1987),  and  Nticl.  Instr.  and  Methods  B33  574  (1988). 


IF  8  Accelerator  Tests  of  the  Pauli  Exclusion  Principle  in  Nuclei.  0URO  MILJANIC,  *  Ruder  BoJkouic  Institute,  Yugoslavia.  (20min.i 

Recently  there  have  been  several  theoretical  and  experimental  studies 
considering  the  possibility  of  small  violations  of  the  Pauli  exclusion 
principle.  We  focus  attention  on  accelerator  experiments  which  can  search  for 
small  violations  in  nuclei.  Two  types  of  experiments  are  considered:  (1)  a 
search  for  nuclear  processes  prohibited  by  the  exclusion  principle,  (2)  a 
search  for  nuclei  which  violate  the  same  principle.  Several  proposals  for 
very  sensitive  tests  will  be  discussed.  The  results  from  the  searches  will  be 
presented. 

» 

*In  collaboration  with  A.  LjubiSid,  Ruder  BoSkovid  Institute,  E.  Nolte,  Th. 

Faestermann,  H.  Gail,  A.  Gillitzer,  G.  Korschinek,  D.  Miillcr,  R.  Scheuer, 

Technical  University  of  Munich,  G.  Calvi,  M.  Lattuada,  F.  Riggi,  C. 

Spitaleri,  M.  Zadro,  Laboratorio  Nazionale  del  Sud  and  University  di 
Catania,  B.A.  Logan,  University  of  Ottawa. 


SESSION  JA:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Thursday  afternoon,  8  November  1990;  Union  Building,  Room  412  at  14:00;  S.  Matteson,  University  of  North  Texas,  presiding 


JA  1  Ionization  Plus  Excitation  and  Excitation  of  He  in  Fast  H^’+Hc,  e~-t-Hc  Collisions. 
S.  FUELLING,  University  of  Nevada,  Reno.  (20  min.) 


We  have  studied  single  collisions  of  H"*"  on  He  (impact  velocities  v.  1.4  to  8  a.u.)  and  e"  on  He  (v.  3.5  to  8  a.u.)  and  have 
observed  the  extreme  ultraviolet  (EUV)  emission  from  Hc''’(np)  and  He(lsnp)'P".  The  aims  of  the  present  contributions 
are  twofold  (i)  experimentally,  to  extract  absolute  cross  sections  for  ionization  plus  excitation  of  helium  at  medium  and 
large  velocities  and  (ii)  theoretically,  to  assess  the  effects  of  first  and  second  order  scattering  contributions  of  the  production 
of  state  sclec‘ive  target  states.  A  comparison  of  the  c'  and  H*  data  for  ionization-excitation  provides  clear  evidence  that 
the  c"  -f  He  cros-  sections  above  v=4  a.u.  are  consistently  larger  for  all  Hc'’'(np)  states  thar.  the  corresponding  H'*'  +  He 
ones.  This  in  turn  may  provide  a  direct  measure  of  the  importance  of  coherence  effects  in  the  scattering  process. 


JA  2  Effective  Charge  of  Helium  Ions  in  Solids.  P.  M.  ECHENIQUE,  Universidad  del  Pais  Vasco,  Spam.  20  min.) 

A  summary  of  density  functional  calculations  of  life  times, 
stopping  power  and  straggling  of  low  velocity  ions  interacting 
with  condensed  matter  is  presented.  For  protons  and  antiprotons 
the  density  functional  stopping  power  results  are  compared  with 
recent  Zj’  corrections  to  the  linear  stopping  power  obtained  from  a 
second  order  Born  approximation. 
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JA  3  Electron  Emission  in  H**  Atom  Collisions:  A  Coincidence  Study  of  the  Angular  Dependence.* 

O.  HEIL,“  Universilat  Frankfurt/M,  Federal  Republic  of  Germany.  (20  min.) 

Differential  electron  emission  occurring  as  the  result  of  fast  hydrogen  atom 
.impact  on  helium  and  argon  targets  has  been  studied  using  standard  non¬ 
coincidence  and  emitted  electron-ionized  projectile  coincidence  techniques. 
Impact  energies  were  0.5  and  1  HeV;  eJectron  emission  was  measured  between 
approximately  20  and  2000  eV  for  selected  laboratory  emission  angles  ranging 
from  0®  to  180°.  These  data  demonstrate  the  importance  of  simultaneous  ^ 
target-projectile  ionization  as  was  previously  observed  for  energetic  He 
impact.  The  experimental  data  for  the  helium  target,  when  compared  to  rWBA 
calculations  using  hydrogenic  wave  functions,  indicate  good  agreement  with 
theory  for  projectile  ionization  and,  indirectly,  reasonably  good  agreement 
for  target  ionization.  Simultaneous  target-projectile  ionization  events  were 
not  included  in  the  model.  The  argon  data  are  compared  with  more 
sophisticated  calculations  for  electron  loss.  These  comparisons  indicate  the 
importance  of  second  order  effects  for  large  emission  angles. 

•  in  collaboration  with  R.D.DuBois,  R.Maier,  M.Kuzel,  K.O.Groeneveld 

*Supported  by  BMFT,  contract  No.  06  OF  110/  II  Ti  476 

1.  U.D.  DuBois  and  S.T.  Manson,  Phys.  Rev.  Lett.  57,  1130  (1986) 

JA  4  Dynamic  Screening,  Cliarge  States,  and  Energy  Loss  at  Ions  in  Solids. 

F.  FLORES,  Universite  Auionoma  de  Madrid,  Spain.  (20  min.) 


The  stopping  power  for  light  ions  in  solids  is  discussed  by  considering  the  dynamic 
screening  of  the  moving  ion  and  its  charge  states^  as  a  function  of  the  ion  velocity. 
Charge  states  are  analysed  by  considering  three  different  mechanisms  for  the  electron 
capture  and  loss:  (i)  In  the  Auger  processes,  electrons  are  transferred  between  the 
ion  and  the  solid  due  to  the  screening  Coulomb  interaction  between  electrons,  (ii) 
In  the  Dynamical  Resonant  processes,  the  crystal  pseudopotential  creates  excita¬ 
tions  whereby  electrons  are  transfered  between  the  ion  and  the  solid,  (iii)  Finally, 
in  the  Shell  process,  electrons  bound  to  the  deep  levels  of  the  solid  are  captured 
by  the  moving  ion. 

The  different  charge  states  for  H  and  He  moving  in  A1  have  been  obtained  as  a  function 
of  the  ion  velocity. 

Finally,  the  stopping  power  for  the  same  systems  have  been  obtained  by  calculating 
the  dynamical  screening  of  the  ion  charge  states  and  the  contribution  of  the  capture 
and  loss  processes. 

1.  P.M.Echenique,  F. Flores  and  R.H. Ritchie,  Solid  State  Physics  Series.  Ed.  Ehrenreich 
and  Turnbull  43,  229  (1990). 


JA  5  The  Implementation  of  an  Orbital  Local  Plasma  Approximation  (OLPA)  for  Calculation 

of  Bethe  Stopping  in  Ultrathin  Films:  Hydrogen.  JOHN  SABIN,  University  of  Florida,  Gainesville.  (20  min.) 

The  calculation  of  Bethe  stopping  powers  of  materials  for  swift  protons  in  the  orbitally  decomposed  version  of  the  kinetic 
theory  of  stopping  has  been  quite  successful  for  atomic  and  molecular  targets'.  We  now  extend  the  treatment  to  ultra-thin 
film  targets  in  order  to  understand  better  staoc  quantum  size  effects  and  the  transition  from  gas  to  solid  target  behavior. 
As  the  target  electronic  structure  calculauons  arc  done  in  the  local  approximation  to  density  functional  theory  which 
produces  neither  the  orbitals  nor  excitation  energies  necessary  to  calculate  orbital/band  mean  excitation  energies,  we  have 
chosen  to  formulate  an  orbital  version  of  the  local  plasma  approximation  of  Lindhand  and  Scharff  for  this  purpose.  In 
this  contribution  we  will  discuss  the  proper  choice  of  the  decomposition  of  the  total  electron  density  for  use  in  an  OLPA, 
and  will  present  results  of  its  use  in  calculating  Bethe  stopping  in  1, 2  and  3  atomic  layer  hydrogen  films. 

*In  collaboration  with  S.  B.  Trickey,  J.  Z.  Wu,  and  D.  E.  Meltzer.  Supported  in  pan  by  the  Army  Research  Office 
(Contract  #DAA-L03-87-K-0046). 

*cf.  eg.  J.  Oddershedc  and  J.  R.  Sabin,  Atomic  Data  Nuclear  Data  Tables  3^,  275(1984). 


JA  6  Electron-Atom  Collisions  in  a  Laser  Field.*  PHILIP  H.  G.  SMITH,  Georgia  Institute  of  Technology.  (5  min.) 
(Invited  Poster  Paper:  See  Poster  Display  PA  87) 


The  time-independent  laser-assisted  electron-atom  collision: 


e-(50, 100,200eF)  +  //(IS  —  25,2Fo)  -t-  ///iw(.117eF) 

is  considered  in  the  soft  photon,  weak-ficld  limit.f'1  Dressing  of  the  projectile  electron  is  achieved  using  the  well  known 
Volkov  states,  and  results  in  the  usual  high  order  multiphoton  effects,  which  are  shown  not  to  greatly  effect  the  total  state 
to  state  cross  sections.  More  interestingly,  an  exact  description  of  the  atomic  dressing  is  found  using  Floquet  theoryi’l 
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This  results  in  a  very  concise  description  of  the  laser  assisted  event,  where  photon  absorption-emission  is  shown  to  occur 
at  three  distinct  phases  of  the  laser-atom  interaction  -  before,  during  and  after  the  collision  event.  Perturbative  dressing  of 
the  atom  provides  an  incomplete  description  of  the  laser  assisted  collision,  and  is  therefore  unable  to  predict  the  distinct 
featu'es  exhibited  up  by  Floquet  theory. 

*  Research  supported  by  AFOSR-89-0426. 

(1]  Philip.H.G.Smith  and  M.R.FIannery  (In  preparation) 

(2]  Jon.H.Shirley  Phys  Rev  138  B979  (1965). 

}  In  collaboration  with  M.R.FIannery. 


JA  7  Isotopic  Fractionation  in  Sputtering.*  D.  L.  WEATHERS,^  University  of  North  Texas.  (20  min.) 


Collector-type  experiments  have  been  conducted  to  investigate  isotopic  fractionation  in  sputtering  induced  by  keV  ions.  Isotopically 
enriched  ’’Mo/'^Mo  targets  were  bombarded  with  5  and  10  keV  beams  of  Ar+  and  Xe+,  and  the  sputtered  Mo  was  collected  on  carbon 
foils  surrounding  each  target  These  foils  were  analyzed  using  Secondary  Ion  Mass  Spectroscopy  (SIMS)  for  variations  in  the  isotopic 
composition  of  the  sputtered  material  as  a  function  of  emission  angle  in  the  sputtering  geometry  and  as  a  function  of  projectile  iluence. 
DeSnite  preferential  effects  were  found,  with  the  general  trend  being  an  enrichment  of  the  lighter  isotope  that  was  maximum  in  the 
near-normal  emission  direction;  this  enrichment  dropped  continuously  by  as  much  as  several  percent  towards  more  oblique  sputtering 
luigles  The  overall  enrichment  in  the  light  isotope  was  observed  to  drop  with  increasing  projectile  fluence,  although  a  pronounced 
angular  variation  remained  even  at  the  highest  fluences,  after  the  sputtered  flux  had  reached  a  steady-state  distribution.  The  most 
extreme  fractionation  was  observed  for  the  lowest-fluence  (3.0  x  10'*  ions/cm’)  bombardment  by  5  keV  Xe*',  for  which  the  light  isotope 
was  found  to  be  enriched  by  53  ±  5%,(note:  1.0%,=  0.1%)  in  the  near-normal  direction  with  respect  to  the  isotopic  composition  of 
the  material  sputtered  in  the  same  direction  under  steady-state  conditions.  Similar  results  were  found  for  secondary  Mo  ions  sputtered 
by  14.5  keV  0"  The  observed  effects  are  consistent  with  other  low-fluence  measurements  of  sputtered  neutrals  and  secondary  ions, 
with  the  exception  of  Ga  isotopes  sputtered  from  a  liquid  IniGa  eutectic  target.  The  preferential  effects  described  are  also  consistent 
with  the  results  of  multiple-interaction  computer  simulations,  and  are  considerably  larger  than  the  predictions  of  the  dominant  analytic 
theory. 

*  Work  supported  in  put  by  NSF  (DMRSS-1S461]  and  IBM,  Inc. 

1  In  collaboration  with  S.  J.  SpicUemire,  Physics  Dept.,  Unie.  Indianapohi,  MianapoUs,  IN  ISS77;  T.  A.  Tombrcllo,  Div.  Phys.,  Math.,  & 
Ast,  Caltech,  Pasadena,  CA  9StSS-,  1.  D.  Hntcheon,  and  G.  i.  Wasserborg,  Die.  Gcal.  &  Planet.  Set.,  Caltech;  and  H.  Gnaser,  FB  Phys., 
Univ.  Kaiserslautern,  0-6750  Kaiserslautern,  FRG. 


SESSION  JB:  SELECTED  TOPICS 

Thursday  afternoon,  8  November  1990;  Union  Building,  Golden  Eagle  Suite  A  at  14:00; 
R.  L.  Schulte,  Grumman  Corporation,  presiding 


JB  1  Industrial  On-Line  Bulk  Analysis  Using  Nuclear  Techniques.  G.  VOURVOPOULOS,  Western  Kentucky  University.  (20  min.) 

Various  nudear  tedniqoes  such  as  gamnut-my  backscatiering,  neutron  inelastic  scauering,  etc.  been  shown  to  be  quite 
effective  for  the  on-line  determination  of  sevm  physical  and  chemical  parameteis.  In  the  coal  industry,  paiameuts  sum  u 
density,  ash  contest,  sulfur  and  chlorine  content  can  be  monhoied  ou-lme  using  one  or  a  combkiatioo  of  nuclear  tedm^ues.  m  the 
cement  industry,  component  deteiminadon  and  control  of  the  raw  tnaiedals  is  afforded  wMi  nuclear  inetbod&  For  on-line  analyst 
nuclear  methods  have  been  shown  to  be  superior  to  chemical  methods  because  of  the  speed  of  the  a^ysis,  and  the  quMtitawe 
determinatioo  of  the  patameteis  in  bulk  wimout  the  need  of  sampling.  Various  nudear  techniques  will  be  demrib^  and  speanc 
examples  of  the  elaaeaal  ana^rsis  of  coal  and  the  chemical  composition  of  cement  will  be  presented  The  utilization  of  a  pulsed 
neutron  source  for  some  of  the  measurements  will  be  discussed. 


JB  2  Electron  Screening  in  Low-Energy  Nuclear  Reactions. 

K.  LANGANKE,  Westjalische  iVilhelms-Universitat  Munster,  West  Germany.  (20  min.) 

JB  3  Space  Radiation  Characterization  of  Materials  and  Devices  for  the  NRL  High-Temperature  Superconducting 
Space  Experiments  (HTSSE).  G.  P.  SUMMERS,  Naval  Research  Laboratory.  (20  min.) 

JB  4  Radiation  Aspects  of  High-Power  Deuterium  Beam  Iqjectors  for  the  Next  Gencrati  n  of  Tokamaks. 

J.  KIM,  General  Atomics.  (20  min.) 


JB  5  High-Resolution  Ion  Beam  Experiments. 

S.  WUSTENBECKER,  Westjalische  Wilhelms  Universitat-Munster,  Federal  Republic  of  Germany.  120  min.) 


JB  6  Resonance  Effects  in  Thin  Film  Proton  Backscattering  Spectrometry.*  H.  J.  FISCHBECK,**  University  of  Oklahoma.  (20  mm.) 

The  use  of  p'otoos  in  Rutherford  backscattering  analysis  rather  than  He  ions  can  be  of  advantage  when  detecting  low 
2  elements  in  a  matrix  of  high  Z  material,  due  to  enhancement  of  the  cross  section  by  nuclear  potential  scattering.  For 
Ught  elements  'esonances  in  the  nuclear  scattering  cross  section  become  important  in  thin  film  analysis.  The  spectrum 
of  backscattered  protons  then  shows  a  peak  whose  width  may  not  only  depend  on  the  film  thickness  but  also  on  the 
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resonance.  We  have  studied  this  in  detail  in  the  case  of  carbon  where  the  cross  section  for  the  elastic  nuclear  potential 
scattering  at  the  1.73  MeV  resonance  is  about  50  times  larger  than  the  cross  section  for  Coulomb  scattering.  The  work 
we  describe  is  a  study  of  the  effects  of  thickness  on  the  analysis  of  thin  films  in  the  region  of  the  1.73  MeV  resonance 
in  the  elastic  backscattering  spectrum  of  protons  from  carbon.  Films  of  carbon  and  carbon  compounds  such  as  Mylar, 
Kapton,  and  Formvar  varying  in  thickness  from  20  pj/cm*  to  2000  were  used. 

♦Supported  in  part  by  the  Shell  Oil  Company  Foundation 

♦♦In  Collaboration  With.  Jingai  Liu,  Engineering  Physics,  The  University  of  Oklahoma,  Norman,  OK  73069  and 
Tianbao  Xie,  Physics  Department,  University  of  North  Texas,  Denton,  TX  76203. 

SESSION  JC:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Thursday  afternoon,  8  November  1990;  Union  Building  Golden  Eagle  Suites  B  and  C  at  14:00; 

F.  D.  McDaniel,  The  University  of  North  Texas,  presiding 

JC  1  Eiectron  Emission  During  Multicharged  Ion-Surface  Interactions.* 

P.  A.  ZEIJLMANS  VAN  EMMICHOVEN,  Oak  Ridge  National  Laboratory,  and  Joint  Institute  for  Heavy  Ion  Research,  Oak  Ridge. 
(20  min.) 

Recent  electron  spectra  and  total  electron  emission  yields  for  slow  multicharged  N  ion-surface  collisions  will  be 
presented.  The  emphasis  will  be  on  potential  emission,  i.e,  the  electron  emission  related  to  the  neutralization  of  the 
ions.  When  using  N  ions  Uiat  carry  a  K-shell  vacan<y  into  the  collision,  characteristic  K-Auger  electron  emission  firom 
the  projectiles  is  observed,  as  well  as,  for  specific  surfaces,  target  atom  Auger  transitions  (resulting  from  vacancy 
transfer).  Measurements  of  the  intensity  of  these  Auger  transitions  as  a  function  of  the  time  the  ions  spend  abcjve  the 
surface  can  serve  as  a  useful  probe  of  the  timescales  characterizing  the  relevant  neutralization  processes.  This  technique 
will  be  elucidated  with  the  help  of  some  model  calculations.  It  will  be  shown  that  neutralization  timescales  required  in 
the  atomic  ladder  picture,  in  which  neutralization  takes  place  by  resonant  capture  followed  by  purely  atomic  Aug..f 
transitions,  are  too  long  to  explain  our  experimental  results. 

♦Research  in  collaboration  with  C  C  Havener,  F.  W.  Meyer,  and  D.  M.  Zehner,  Oak  Ridge  National  Laboratoiy. 
Research  supported  by  the  Office  of  Basic  Energy  Sciences,  Division  of  Chemical  Sdences,  U.S.  DOE,  under  Contract 
No.  DE-ACOS-SdORZMOO  with  Martin  Marietta  Energy  Systems,  Inc.,  and  the  Joint  Institute  for  Heavy  Ion  Research 
through  Contract  No.  DE-FG05-87ER40361  with  the  University  of  Tennessee. 

JC  2  Time  Resolved  Spectroscopy  on  Ion  Beams  as  a  Tool  for  tbe  Study  of  Long-Lived  Levels  in  Multiply  Charged  Ions.* 

E.  TRABERT,  Ruhr-Universitat  Bochum,  Federal  Republic  ofOermany.  (20  miii.) 

The  decays  of  long-lived  levels  in  highly  charged  ions  often  indicate  higher-order  effects  in  atomic  structure.  Recently 
measurements  have  been  done  on  spin-changing  El  transitions,  spin-^an^ng  Ml  transitions,  M1/E2  ^e  structure 
transitions  wthin  the  ground-complex  of  highly-charged  heavy  ions,  and  El  transitions  which  are  induct  by  weak 
configuration  mixing.  They  involve  spectroscopy  in  the  EUV,  XUV  and  x-ray  spectral  repons  and  ion  beams  in  a  wide 
range  of  energies,  from  less  than  1  keV/amu  to  more  than  10  MeV/amu.  (Die  relaUve  merits  of  fast  and  slow  ion 
bea^  for  such  measurements  are  discussed,  and  future  experiments  devel(^>ments  are  outiined. 

'Supported  in  part  by  the  Deutsche  Forsdiungsgemeinschaft,  the  German  Minister  for  Resetrch  and  Technology,  and  by 
NATO 

JC  3  Angular  Distribution  of  K-  and  I^Auger  Electrons  Ejected  in  60-kcV  O*'*'  +He  Collisions. 

N.  STOLTERFOHT,  Laboratoire  de  Spectroscopic  Atomique,  France,  (20  min.) 


We  measured  angular  distribution  of  K-and  L-Auger  electron  emission  in  60-keV  0‘*+He  collisions  using  the 
method  of  high-resolution  electron  spectroscopy.  The  experiments  were  carried  out  at  the  Electron  Cyclotron  (ECR) 
source  of  the  GANIL  facility  at  Caea  They  were  made  to  verify  aoss  sections^')  for  double  electron  c^ture 
previously  measured  at  an  observation  angle  of  0°  only.  The  Auger  transitions  follow  the  culture  of  two  electrons 
into  the  ground  state  projectile  forminv  ffie  configurafions  ls^31nl'  where  n^J.  The  K-Auger  transitions  follow  the 
formation  of  the  configurau'on  ls2snl  where  n>2  by  single  capture  into  the  projectile  incident  in  the  metastable  state 
ls2s  The  obseivau'on  angle  ranged  from  0“  to  180".  Whereas  the  K-Auge’r  data  were  found  to  be  almost  isotropic, 
the  L-Auger  data  showed  an  anisotropic  ai^Iar  distribution  enhanced  by  a  factor  of  ^  at  O’.  At  0"  the  kinematic 
Doppler  broadening  effects  are  avoided,  mne^  the  K-  and  L-Auger  electrons  were  measured  with  relatively  high 
resolution  allowing  tor  an  improved  spectral  analysis.  ■ 

(»)  N.  STOLTERFOHT,  CC  HAVENER,  RA.  PHANEUF,  J.K.  SWENSON,  S.M.  SHAFROTH  and  F.W.  MEYER, 
Phys.  Rev.  Lett  52. 74  (1986). 


JC  4  RTC  in  Heavy-Ion-Atom  Collisions. 

TH.  STOHLKER,  Justus-Liebig-Untcersitat  Gtessen  and  Gesellschafi  JurSchvceriontnforschung  Darmstadt  m.b.H., 
Federal  Republic  of  Germany.  (20  min.) 


In  collisions  between  highly  charged  ions  and  light  target  atoms  at  adiabaticity  parameters  of  0.5  <  u^/v^  <  0.75  resonant 
transfer  and  excitation  (RTE)  is  the  dominant  projectile  charge  exchange  process.  In  this  process  the  energy  gained  by 
the  captured  excites  a  projectile  electron  producing  a  doubly  excited  projectile  state  which  stabilizes  radiatively.  The 
experiments  for  medium  heavy  ions  ate  reviewed  and  a  outlook  for  the  study  of  this  electron  correlation  process  using 
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heavies  projectiles  is  given.  In  particular  we  elucidate  results  yielded  by  the  x-ray /x-ray  coincidence  technique  for  hydrogenic 
projectiles  up  to  jjKr’*'*’  ions.  With  this  technique  we  could  isolate  a  single  RTE  resonance,  the  one  to  the  2s2p‘Pi  state, 
which  stabilises  radiatively  to  the  ls2s‘So  state.  This  state  can  only  decay  via  two  photon  emission  (2S1).  The  properties 
of  this  rare  process  are  studied. 

•JC  5  One-  and  Two-Electron  Transitions  in  Ion-Atom  Collisions.* 

RAJIV  SHlNGAL.y.  R.  Macdonald  Laboratory,  Kansas  Stale  University.  (20  min.) 


One  and  two  electron  transitions  in  collisions  between  light  bare  ions  and  helium  atoms  have  been  studied  for 
intermediate  impact  energies.  The  helium  atom  was  treatc  I  as  an  effective  one  electron  atom.  The  multi-channel 
semi-ciassical  impact  parameter  model  with  travelling  atomic  .’rbital  expansion  and  rectilinear  trajeaories  was  used  to 
calculate  the  transition  probabilities.  Cross  sections  for  all  one  ^'ectron  processes  calculated  in  the  independent 
electron  approximation,  employing  a  large  basis  set,  are  in  good  agreement  with  the  experimental  data.  A  two  step 
mechanism  is  proposed  to  describe  the  two  electron  collision  processes.  Predicted  cross  sections  for  double  capture 
to  individual  doubly  excited  states  and  the  total  cross  sections  for  various  electron  processes  are  found  to  be  in  good 
agreement  with  the  available  experimental  data. 

•  Supported  by  the  Division  of  Chemical  Sciences,  Office  of  Basic  Energy  Sciences,  Office  of  Energy  Research, 

U.S.  Department  of  Energy. 


JC  6  RTE  and  Other  Processes  in  C^'*' +He  Collisions.  S.  M.  SHAFROTH,  University  of  North  Carolina,  Chapel  Hill.  (20  min.) 


JC  7  Two-Photon  Emission  Processes  in  Electron-Atom  Interactions.*  C.  A.  QUARLES,  Texas  Christian  University.  (20  min.) 

We  will  describe  the  experimental  techniques  and  discuss  the  results  of  an 
on-going  three-parameter  coincidence  experiment  in  which  two-photon  spectra 
are  obtained  b  electron  bombardment  of  target  foils  of  selected  thickness¬ 
es.  The  atomic  number  of  the  foils  ranges  from  Z  =  26  to  82.  Incident 
electrons  have  Le-r!  provided  both  by  the  beta  spectrum  of  a  Pml47  source  and 
by  a  50-150  keV  electron  beam  from  an  accelerator.  Processes  considered  to 
date  include:  double  bremsstrahlung,  double  inncv-shell  ionization,  and 
coherent  emission  of  both  a  characteristic  and  a  continuum  x-ray.  The  cross 
sections  for  these  two-photon  processes  are  much  smaller  than  the  processes 
that  produce  single  photons  in  the  target.  This  can  lead  typically  to  a 
large  accidental  rate  in  the  accelerator  experiment,  or  to  the  need  to  do  a 
target  thickness  study  of  the  real  rate  in  the  source  experiment  where 
thicker  targets  have  been  used  to  increase  the  statistics. 

♦Supported  by  the  Welch  Foundation. 

Work  in  collaboration  with  H.E.  Lchtihet,  D.J.  Lawrence,  and  D.L.  Kahler. 


SESSION  JD:  ATOMIC  PHYSICS  AND  RELATED  PHENOMENA 

Thursday  afternoon,  8  November  19SK);  Union  Building,  Room  410  at  14:00;  L.  A.  Rayburn,  Oliver  Springs,  Tennessee,  presiding 


JD  I  Transitions  in  Highly  Charged  Ions  of  Heavy  Atoms.*  D.  D.  DIETRICH,  *  Lawrence  Livermore  National  Laboratory.  (5  nun.) 
(Invited  Poster  Paper:  Sec  Poster  Display  PA  91) 


The  study  of  the  behavior  of  electrons  bound  by  the  extremely  high  fields  found  in  the  vicinity  of  highly 
stopped  heavy  atoc"!  is  an  extremely  chalenging  field  for  both  experimentilists  and  theorists.  The 
production  of  high.^  charged  ions  in  an  environment  suitable  for  precision  spectroscopic  measurements 
pre^ts  the  largut  experimental^  difficulty.  Large  quantities  of  any  charge  state  of  any  clement  in  the 
^ntmic  tabic  will  soon  be  available  with  the  current  generation  of  accelerators  and  storage  rings. 

Precision  spectroscopic  experiments  on  the  beam  foil  light  source  have  tradionally  been  hampered  by  the 
possibility  of  IsfS®  systematic  errors  caused  by  the  Doppler  effect.  We  present  a  new  measurement  designed 
to  minimiu  the  Doppler  effect.  In  particular,  we  have  performed  an  exploratory  measurement  of  the  n=3  to 
ti=3  transitions  in  hi^ly  ioni^  lead  at  GSI  where  we  use  measurements  taken  on  the  LLNL  EBIT*  to  develop 
internal  fast  ion  calibration  lines.  Here  we  attempt  to  exploit  the  ability  to  make  precision  measurements, 
free  from  systematic  effects,  on  the  relatively  weak  resonance  transitions  from  ions  available  in  the  EBIT 
devil*.  This  new  approach  to  beam  foil  spectroscopy  will  allow  one  to  design  spectrometers  to  maximize  ' 

rwolution  and  sensitivity  without  regard  to  the  Doppler  effect,  thus,  taking  full  advantage  of  the  multitude 
of  population  mechanisms  available  in  the  beam  foil  light  source. 

*Work  performed  under  the  auspices  of  the  U.S.  Department  of  Energy  by  the  Lawcnce  Livermore  National 
Labortoiy  under  contract  No.  W-7405-ENG-48 

fWork  performed  in  collaboration  with  A.  Simionovici,  P.  Beiersdorfer,  T.  Cowan  and  F  Mokler 

h  CJ-  Hailey.  J.R.  Henderson.  D.A.  Knapp,’  M.A.  Uvine,  R.E 

Marrs  and  M.B.  Schneider,  Phya.  Rev.  Lett,  (submitted). 
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JD  2  Intra-  and  Intcrmolecular  Electron  Transfer  Reactions  in  Covalcntl)  Linked  Donor-Acceptor  Molecules.' 
A.  M.  BRUN,  University  of  Texas  at  Austin.  (20  min.) 


Thursday  Afternoon 


Electron  transfer  reactions  at  interfacial  sites  are  crucial  processes  in  cell 
tnetabolism  and  represent  the  first  reactions  steps  after  exposure  of  biological  cells 
to  ionizing  radiation.  Studies  using  aggregated  assemblies,  e.g.  micelles,  are 
important  for  a  better  understanding  of  such  reactions  in  systems  that  are 
reminiscent  of  biological  milieu.  We  synthesized  a  homologous  series  of.  molecules 
(MVnn'Q)  where  a  methylviologen  (MV)  and  a  chloronaphthoquinone  (Q)  moiety  are  liniced 
to  each  other  via  an  amino  alkane  chain.  Using  the  electron  pulse  radiolysis 
technique,  we  have  measured  time-resolved  spectra  and  rate  constants  for  intra-  and 
intermolecular  electron  transfer  between  donor  and  acceptor  site  of  these  molecules 
in  water  and  in  SDS  micellar  solution.  The  intramolecular  rate  constants  measured 
for  all  molecules  MVnn'Q  in  water  were  surprisingly  low,  and  we  obtained  even  lower 
values  in  SDS.  Possible  explanations  for  this  slow  electron  transfer  rates  will  be 
discussed. 

*supported  jointly  by  the  Biotechnology  Program  of  the  Division  of  Research  Resources 
of  NIH  (Grant  RR00886)  and  by  The  University  of  Texas  at  Austin.  Partial  support 
from  NIH  Grant  GH  31603  and  the  R.A.  Welch  Foundation. 

■•■Coworkers:  W.H.  Wade;  S.M.  Hubig,  Center  For  Fast  Kinetics  Research,  The  University 
of  Texas  at  Austin;  M.A.J.  Rodgers,  Center  for  Photochemical  Sciences,  Bowling  Green 
State  University. 


JD  3  Electron  Capture  by  Multichargcd  Ions  from  Hydrogen  Atoms  at  cV  Energies.* 
C.  C.  HAVENER,  Oak  Ridge  National  Laboratory.  (20  min.) 


To  quantitatively  study  electron  capture  collisions  of  multiply  charged  ions  with  neutral  atoms  neat  thermal  energies 
(1  1000  eVVamu),  keV'-energy  beams  from  the  ORNL-ECR  multicharged  ion  source  are  merged  with  ground-state  bcarils 
of  H  or  D  atoms.  Improvements  in  out  apparatus  have  increased  out  signal-to-backgrc and  ratio  by  a  factor  of  five  and 
increased  angular  collection  by  30%.  Recent  data  for  O'*  and  O**  will  be  presented  and  compared  with  theoretical 
predictions.  Because  of  discrepancies  with  theory  at  the  lowest  energies,  the  O**  +  H(D)  qstem  will  be  re-examined 
with  the  improved  apparatus. 

•Research  in  collaboration  with  M.  Nesnidal  and  R.  A.  Phaneuf.  Research  supported  by  the  Oflic:  of  Basic  Energy 
Sciences,  Division  of  Cnemica!  Sciences,  U£.  DOE,  under  Gintract  No.  DE-AC^5-840R21400  with  Martin  Marietta 
Energy  Systems,  Inc. 

JD  4  Fano  Profiles  Resulting  from  the  Interferences  Between  Nuclear  Internal  Omrersion  K-Shcll  Electrons 
and  K-Sbcll  Delta  Electrons.  NOEL  A.  CUARDALA,*  Stanford  University.  (20  min.) 


The  probability  for  electromagnetic  excitation  of  low-lying  nuclear  rotational  states  by 
charged-particle  collisions  with  deformed  nuclides  can  be  comparable  in  magnitude  to  K- 
shell  ionization  probabilties.  These  nuclear  states  decay  preferentially  via  the  non- 
radiative  internal  conversion  (IC)  process.  The  IC  electrons  have  well-defined  energies, 
angular  momentu.'a,  intrinsic  widths  and  angular  distrubitions*.  In  contrast,  the  K-shell 
delta  electrons  constitute  a  continuum  of  energies  and  a  mixture  of  at  least  three  angular 
momenta.  This  combination  of  electron  decay  modes  is  similar  to  one  of  the  facilar  examples 
illustrated  by  Fano‘.  Namely,  the  case  of  a  single  discrete  state  embedded  in  a  smoothly 
varying  continuum.  We  identif^y  the  K-shell  IC  electron  as  the  discrete  autoionizing  state, 
i.  e.  resonant  state.  The  SRXiothly  varying  continuum  is  represented  by  the  K-shell  delta 
electrons.  Information  regarding  the  relative  phases  and  amplitudes  of  both  decay  processes 
could  be  obtained  from  coincindence-type  experiments  involving  the  ejected  electron's 
angular  correlations. 

1.  Internal  Conversion  Processes.  J.  H.  Hamilton  ed.  ,  Academic  Press  ,  New  York,  1966. 

2.  U.  Fano,  Phys.  Rev.  124,  1866,  (1961). 

*  Present  Address  Naval  Surface  Warfare  Center,  White  Oak  Lab,  10901  New  Hampshire 
Ave,  Silver  Spring  HO  20903-5000 


JD  5  Ion  Trap  Measurement  of  U***  X-Ray  Transition  Spectra.* 

N.  K.  DEL  GRANDE,  Lawrence  Livermore  National  Laboratory.  ,5  min.i  (Invited  Poster  Paper.  See  Poster  Dispby  PA  S) 


Highly  -v,harged  uianiuin  ions  with  a  dominant  nickel  like  compv/r.cni  (U"*)  were  produced  using  the  Electron  Beam  Ion  Trap 
(EBlf)  with  an  electron  bombardment  energy  of  7.3  kcV.  A  companson  of  the  measured  n=4  to  n=3  x-ray  transition  spectra 
with  calculauons  for  gave  excellent  qudiiauvc  agrccmenL  The  low-energy  region  of  the  4-3  spet^m  for  the  Ni  like 

ions  was  characterized  by  a  strong  electnc  quadrupole  4s  3d  transiuon,  about  as  large  as  the  leading  dijrale  of  4f  3d  transition. 
This  was  associated  with  cascading  for  Ni-likc  ions  which  have  23  electrons  in  a  closed  3d’*  configuration.  It  tagged  the 
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abundance  of  U***  ions.  High  resolution  spectroscopy  measurements  indicated  charge  states  were  about  53%  Ni-like,  32% 
Cu-like  and  15%  Zn-like.  The  ionization  balance  associated  with  9.0  keV  electron  bombardment  was  dominated  by  five 
charge  states:  to  U®*. 

♦Worked  performed  under  the  auspices  of  the  U.  S.  Department  of  Energy  at  the  Lawrence  Livermore  National  Laboratory 
under  Contract  W-7405-ENG-48  in  collaboration  with  J.  R.  Henderson,  A.  L.  Osterheld  and  J.  H.  Scofield. 


JD  6  “Molecular  Effect”  in  Ion-Atom  Collision:  A  Summary  Review.  CHENG-MING  FOU,  University  of  Delaware.  (20  min.) 


A  survey  of  the  experimental  studies  of  ion-atom  collision  in 
MeV/amu  range  using  molecular-ion  beams  (such  as  Kf , or  Hj*)  will  be 
presented.  Particular  attentions  will  be  given  to  those  where 
comparisons  with  experimental  results  using  isotachic  (same 
velocity  or  same  energy/ amu)  atomic-ion  beams  (H*)  were  made.  Semi- 
classical  discussion  and/or  explanation  of  the  observed  differences 
-  so  called  "Molecular  Effect"  -  based  on  the  spatial  and  temporal 
correlations  of  the  atoms  belonging  to  the  same  molecular-ion  will 
be  made.  The  role  played  by  the  binding  electron(s)  which 
accompanys  the  atoms  of  the  same  molecular-ion  in  the  process  of 
collision  with  the  target  atom  will  be  assessed.  I  shall  point  out 
some  of  the  un-answered  questions,  and  doubts  of  some  of  the 
published  experimental  studies  and  shall  also  attempt  to  make  some 
suggestions  for  further  studies. 


SESSION  JE:  ION  MICROBEAMS 

Thursday  afternoon,  8  November  1990;  Union  Building,  Room  418  at  14:00; 

C.  J.  Maggiore,  Los  Alamos  National  Laboratory,  presit-ing 

JE  1  Practial  Problems  with  a  Proton  Probe.*  J.  L.  CAMPBELL,  University  of  Guelph,  Canada.  (20  min.) 


Two  years  of  experience  in  running  the  Guelph  Proton  Miaoprobe  as  an  analytical  facility  are  reviewed.  Using 
miao-PIXE  we  have  conducted  several  thousand  spot  analyses  of  minerzdogical,  geochemical  and  metal  specimens, 
mainly  tlirough  contractual  arrangements.  User-friendly  target  chamber  design  with  TV-viewing  of  the  incident 
beam  spot  at  magnification  x300  throughout  analysis  is  crudal  to  our  efforts.  Accurate,  reliable  analysis  has 
demanded  careful  attention  to  beam  integration;  a  new  system  incorporating  -on-demand  beam  deflection  is 
described  together  with  a  new  PC!!-based  data  accumulation  facility.  Immediate  data  processing,  equally  crudal,  is 
accomplished  with  our  GUPIX  software;  current  enhancements  to  this  are  reported.  Finally  we  make  some 
observations  on  the  challenge  of  miming  a  contract-based  analysis  facility  in  the  University  environment. 
♦Supported  by  NSBRC  and  various  industrial  and  government  contracts. 

I  acknowledge  the  valued  contributions  of  J.A.  Maxwell  and  W.J.  Teesdale. 

JE  2  Proton  Microprobe  Analysis  of  the  Trace  Element  Distribution  in  Fly  Ash  Particles. 

M.  JAKSIC,  R.  Boikovic  Institute,  Yugoslavia.  (20  min.)  , 


The  spatial  distribution  of  trace  elements  In  Individual  coal  fly  ash  particles 
is  an  Important  factor  in  assessing  their  environmental  Impact.  The  Oxford 
Scanning  Proton  Hlcroprobe  (SPH)  hac  been  used  to  determine  the  distribution  of 
elements  in  fly  ash  particles  vith  sub-micrometre  spatial  resolution.  PIXE  vas 
used  to  detect  the  minor  and  trace  elements  and  simultaneous  proton 
backscatterlng  analysis  vas  used  to  determine  the  matrix  composition  and 
thickness.  Both  areal  maps  and  radial  line  scans  of  elemental  concentrations 
were  obtained.  Preliminary  analyses  of  particles  ranging  in  size  from  S  to  20 
pm  show  that  many  elements  have  a  highly  inhomogeous  distribution,  with 
elements  such  as  Tl,  V,  Hn,  Hi,  Cu  and  As  deposited  preferentially  on  the 
surface.  This  finding  has  Important  Implications  for  determining  the  chemical 
properties  and  environmental  effects  of  fly  ash  particles. 


JE  3  Microprobe  Analysis  of  Gold  Mine  Samples.  FUJIA  YANG,'  Fudan  University,  People's  Republic  of  China.  (20  min.) 


A  MeV  microbeam  probe  with  PIXE,  RBS  and  Secondary  Electron  Image  detection  facilities  has  been  set  up  on  a  3  MV  tandem 
eleetrostatic  accelerator  (9SDH  2)  at  Fudan  University.  The  beam-spot  size  is  2  pm  and  the  proton  beam  on  target  is  30  pA/pm2. 
The  sample  is  mounted  on  a  motorized  x-y  stage  with  a  step  of  1.6  pm,  so  that  any  point  within  a  2.5  x  2.5  em2  area  can  be 
accessed.  The  beam  can  also  be  scanned  over  areas  ranging  from  1  x.  1  pm2  to  500  x  500  pm2.  The  system  was  used  to  analyze 
gold  mine  samples  from  different  sources.  The  gold  and  iron  phases  were  experimentally  observed  to  extend  over  an  area  of 
several  hundred  microns  in  agreement  with  the  traditional  idea  that  gold  is  often  macroscopically  intergrowing  with  compounds 
containing  iron  On  the  other  hand,  the  distribution  of  gold  and  silver  remains  closely  associated  even  on  the  mieron  scale. 

1  In  collaboration  with  S.  Zhou,  C.  Ren,  F.  Huang,  W.  Wu  and  J.  Tang. 
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JE  4  Channeling  Studies  on  Fc-doped  High-T^  Superconductors  Using  a  High-Resolution  Proton  Microbeam. 
G.  W.  GRIME,  University  of  Melbourne,  Australia.  (20  min.) 


Thursday  Afternoon 


The  Oxford  Scanning  Nuclear  Hlcroprobe  haa  been  used  to  investigate 
microcrystals  of  Yt Ba> Cuj . t Fet O7 . .  with  the  aim  of  determining  the  lattice 
location  of  the  Fe.  Channeling  measurements  were  made  on  the  (001)  and  (Oil) 
directions  of  the  YBCO  lattice  observing  both  proton-induced  X-rays  and 
backscattered  protons.  Anomalies  in  the  PIXE  channeling  yield  for  Fe  show 
that  the  Fe  is  displaced  out  of  the  (001)  plane.  Maps  were  also  made  of  the 
channeled  yield  as  s  function  of  position  on  the  crystal.  These  show  that  the 
channeling  angle  varies  across  the  crystal  in  the  Fe-doped  crystals  probably 
as  a  result  of  lattice  strain. 


JE  5  Nuclear  Microscopic  Imaging  of  Single  Event  Upset  Integrated  Circuits. 
B.  DOYLE,  Sandia  National  Laboratory,  Albuquerque.  (20  min.) 


JE  6  5  MeV  RBS  Microprobc  for  Materials  Analysis  in  the  Semiconductor  Industry. 
G.  M.  KLODY,  National  Electrostatics  Corporation.  (20  rain.) 


In  the  development  anJ  manufactunng  environment,  there  is  a  growing  need  for  analysis  of  materials  withm  sample  regions  smailet  than 
100  micrometers  with  automation  for  unattended  multiple  sample  analysis.  A  recently  developed  system  with  a  new  microprobc  lens  has 
been  tested  for  industrial  applications  of  microbeam  RBS  and  cbaimchng  analysis.  A  1.7  .MV  tandem  accelerator,  NEC  Model  5SDH 
Pelletron,  provides  helium  ions  at  energies  up  10  5.1  .MeV.  The  new  electrostatic  quadrupole  lens  is  fitted  m  a  Charles  Evans  &  Associates, 
Inc  Model  RBS-4C0  end  station  The  accelerator,  miCToprobe  bcamline,  and  end  station  arc  computer  controlled  for  unattended,  multiple 
sample  analysis  We  compare  the  performance  of  the  microprobe  lens  to  ion  optic  calculations  and  desenbe  examples  of  apphcitions. 


JE  7  Achromatic  Focussing  for  Probefarming  of  High-Resolution  Microbcams.* 

U.  A.  STAFFAN  TAPPER,  Lund  Institute  of  Technology,  Sweden.  (20  min.) 

If  Nuclear  Microprobes  (NMP)  with  a  spatial  resolution  of  the  order  of  100  nanometers  is  to  be  reached,  the  aberrations  in  the 
focussing  must  be  suppress^.  With  a  highly  limited  beam  divergence  tiie  dominating  aberration  is  chromatic.  Using  a  combination 
of  electrostatic  and  magnetic  quadrupole  lenses  achromatic  focussing  properties  can  be  obtained.  The  complex  design  of  such 
focussing  systems  yields,  however,  a  potential  hazard  of  introducing  new  aberrations  more  severe  than  the  suppress  chromatic. 
The  main  problem  is  the  harmonic  contamination  to  the  quadrupole  field. 

The  potential  of  the  grid-shadow  method,  when  applied  to  achromatic  focussing  systems  is  shown.  The  method  has  been  used  at 
the  new  focussing  system  at  the  Lund  NMP.  Measurements  at  each  singlet  lens  have  been  performed.  The  possibility  to  use  the  grid- 
shadow  measurements  for  evaluating  lens  corrections  on-line  is  discussed.  In  addition  the  shadow  pattern  can  guide  during  the 
alignment  procedure  which  is  crucial  for  such  complex  focussing  systems.  Finally  the  current  spatial  resolution  attainable  at  the 
Lund  NMP  is  presented;  both  for  a  100  pA  analytical  probe  as  well  as  for  transmission  imaging  (STIM),  requiring  only  beam 
currents  in  the  fA  range. 

*  This  project  is  supported  by  Clarl  Trygger's  Foundation. 


POSTER  SESSION  PB:  Particle  Induced  X-Ray  Emission 
(PIXE),  Rutherford  Backscattering  and  Channeling  (RBS), 
Nuclear  Reaction  Analysis,  Neutron  Activation  Analysis, 
Ion  Implantation,  Medical  Applications,  Accelerator 
Technology,  Targets,  Accelerator  Mass  Spectrometry, 
Detectors,  and  Spectrometers 
(The  Poster  Session  is  split  as  PB  and  PB'  for 
indexing  purposes  only.  This  is  all  one  session.) 

Thursday  afternoon,  8  November  1990 
University  Union  Building, 

Silver  Eagle  Suites  A,  B,  and  C  at  14:00 


PB  I  Alpha-Induced  Ionization  .Cross  Ssg.ti 
S.tudjLas  isa:  sg.i!ia  Selected  Elemen.t.s  £I2LEi  a 
RBS  Yield  Measurements . *  A.B.  HALLAK,  M.M  A 
KOFAHI,  and  H.A.  AL-JUWAIR,  Energy  Resear 
Laboratory.  Research  JnstitVtgi  iLioE  Zs 
University  sil  Petroleum  Mineral..s.i.  Dhahr 

31261 .  Saudi _ Arpbifl---The  yield  for  x-r 

production  from  PIXE  by  2  Me'.'  ^He  ions  along  wi 
the  Backscattering  yield  from  some  select 
elements  in  thin  and  thick  forms  are  used 
determine  the  ionization  cross  sections.  T 
method  of  analysis  make  use  of  the  joint  PIXE/R 


setup  and  avoids  absolute  method  errors  by  usi 
the  ratio  of  the  PIXE  and  BRS  yields.  The  resul 
are  compared  with  theory  and  reasonable  agreeme 
is  found. 

^submitted  by  A.B.  Hallak 

PB  2  PIXE  Analysis  of  Welding  Fume.  T.  A.  WITHERS  > , 
K.  GARDINER  ^  L.  G.  EARWAKER  *.  ‘School  of  Physics  and 
Space  Research,  University  of  Birnainghain,  UK.  ^Institute  of  Oc¬ 
cupational  Health,  University  of  Birmingham,  UK.  —  This  paper 
discusses  the  use  of  proton  induced  X-ray  emission  (PIXE)  for 
the  multi-elemental  analysis  of  welding  fume,  paying  particular 
regard  to  the  quantitative  analysis  of  any  toxic  metals  which  may 
be  present.  The  welding  fume  was  sampled  on  Nucleoore  poly¬ 
carbonate  filters  located  in  specially  modified  cranially  mounted 
sampling  beads.  The  samples  were  taken  at  a  major  industrial  lo¬ 
cation  in  Birmingham,  UK,  from  two  different  welding  processes. 
Metal  Inert  Gas  (Gas  Metal  Arc  Welding)  and  Spot  welding,  aind 
were  analysed  using  a  2.5  MeV  proton  beam  Rom  a  3MV  Dy- 
namitron  accelerator.  The  results  are  presented  together  with  a 
discussion  on  their  degree  of  precision,  accuracy  and  sensitivity. 
This  study  has  shown  PIXE  to  be  a  useful  analytical  technique  for 
the  quantitative  analysis  of  welding  fume  from  various  sources. 
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3  PIXE  Xnalvala  s£  StainlWa  gaapjj^s  iS 

the  X-Rav  Region  Between  0.5  and  18  KeV  Osing  s 
windowless  81(11)  Detector.  D.X. Wilson,  J.L. Duggan, 

D. Weathers,  B.D. McDaniel  and  S.Hatteson,  Physics  Deot. 
University  of  Forth  Texas-,  Denton,  ZX  78103. 

T. Thompson,  zssss  Utilities  Electric.  Z2 

and  I. L. Morgan,  lEM  Inc. .  hustln.  TX  78758. — Absolute 
concentrations  of  contaminant  elements  in  stainless 
steel  samples  obtained  from  a  local  power  utility  have 
been  measured  using  the  thin  target  PIXE  technique. 

Of  particular  interest  were  those  elements  with  x-ray 
energies  less  than  1.5  )ceV,  The  PIXE  spectra  were 
obtained  using  1  HeV  protons  from  the  3  HV  NEC  9S0H-2 
Tandem  Accelerator  in  conjunction  with  a  Link 
Analytical  windowless  Si (Li)  detector  at  UNT.  The  low 
energy  detector  efficiencies  were  measured  by 
carefully  analyzing  the  field  bremsstrahlung  from  a 
66.5  keV  electron  bean  bombarding  various  thin 
targets.  The  PIXE  spectra  were  analyzed  using  both 
the  PIXE  Analysis  Program  developed  at  the  University 
of  Guelph (Canada)  and  software  developed  in-house.  Tn 
addition,  sample  preparation  techniques  are  detailed 
along  with  a  brief  comparison  of  thin  and  thick  target 
results. 

*  Work  Supported  in  part  by  the  State  of  Texas 

Coordinating  Board,  Texas  Utilities  Electric,  IDH 
Inc.,  TI,  HSF,  DMA,  ONR  and  the  Robert  A.  Welch 
Foundation. 


PB  4  Trace  Elements  in  Hoxie  Gorge  Creek  Sediments  R  M 
Wheeler,  R  P  Chaturvedi.  SUNY  College  at  Cortland  --Sediment 
samples  from  Hoxie  Gorge  Creek  in  Upstate  New  York  have  been  studied 
by  x-ray  fluorescence  using  synchrotron  radiation  from  the  Cornell  High 
Energy  Synchrotron  Source.  These  samples  were  previously  examined  for 
major  elemental  concentrations  in  creek  sediments  and  their  ability  to 
regulate  soluble  reactive  phosphorous.  The  samples  were  obtained  from 
a  single  site  over  a  year’s  time.  We  have  used  two  monochromatic  x-ray 
energies,  12  and  20  keV,  to  study  trace  element  concentrations  for 
elements  in  the  range  20  <  z  <  40.  Variations  in  trace  elements  as  a 
function  of  time  of  year  will  be  discussed. 


PBS  Dtlfctlon  of_  Elements  «nd  Trice  Elentuts  In 
Endoscopy  Blamiiti  of  Colonic  Mucosi  In  Normil  «nd  High 
Risky  Colon  Cineer  Titlynty. 

M.C.BUOSO*.  S.FAZINIC*\  S.OALASSINI*#,  P.E.LECIS*, 
M.MAKAREWITCZO,  0.  MOSCHINI‘+,  R.  NACCAI.ATO*,  R.  OGRIS®, 
HJbSHAO*’.  G.C.  STURNIOLO*  AND  V.  VALKOVICO^ 

*  INFN  Ub.  Nmx.  Lemaro.  Padova.  luly. 

*  Ist.rhimica  Biologici.  Uaiversiti'  di  Verona.  Italy. 

*  Ist.Medieini  Intema-Oistroenterolooia.  Universili'  di  Padova.  Italy. 
•♦•Dinartimento  di  Fiiica.  Universita'  di  Padova.  luly. 

^Rudler  Boikovie  Irutitule  Zapeb.  Yugoslavia. 

°1AEA  LabQraloriei-Seibertdotf.Auitrla. 

^Institute  of  Hiah  Energy  Physics.  Beijing.  China. 

In  the  present  study  efforts  are  made  to  obtain  a  correlation  between 
the  trace  elements  levels  in  patients  and  the  incidence  of  digestive 
cancer.  The  aim  of  the  study  is  to  detect  the  Se,  Zn,  Cu  and  Ca 
concentrations  in  diflerent  segments  of  colonic  mucosa  and  to  find  out 
if  there  is  any  diflerence  between  the  normal  and  pathological  colonic 
mucosa.  The  concentrations  data  (averages,  standard  deviations  and 
ranges)  obtained  by  the  Neutron  Activation  Analysis  and  Proton 
Induced  X-ray  Emission  are  presented  and  the  data  distribution 
analyzed. 


PBb  E  PIXE  Study  of  Chlorine  Loss  from  Prote 
Irradiated  PVC.  J.  Rickards  and  E.P.  Zironi 
^  EAfiAPfl,  Hnlvgirsidftd  Nacional  Autonon 
de  Mexico .  Poly-vinyl  chloride  samples  wer 
irradiated  with  protons  of  different  energies  fre 
250  to  750  keV  from  a  Van  de  Graaff  accelerator 
The  chlorine  lost  during  irradiation  was  measure 
using  the  PIXE  technitjue  by  monitoring  the  Cl  R 
line.  The  chlorine  loss  curves  were  obtained  i 
steps  of  2  tiC,  using  a  low  beam  current  (5-10  nA) 
In  order  to  avoid  charg>  buildup  and  to  alio 
measuring  the  beam  current,  a  thin  copper  film  wa 


deposited  on  the  target,  or  alternately  a  vej 
fine  copper  mesh  was  placed  over  ii 

Simultaneously,  the  residual*  gas  in  the  targi 
chamber  was  monitored  with  a  quadrupole  _ma 
analyzer,  indicating  that  the  chlorine  loss  is 
the  form  of  HCl.  The  Cl  decay  curves  can 
fitted  with  three  exponential  function 

suggesting  different  and  independent  mechanis 
for  emitting  chlorine.  This  seems  to  indica 
that  the  effect  is  strongly  dependent  on  t 
chemical  environment  of  the  chlorine. 


PB  7  PIXE-PIflF,  Analvsl*!  of  Nlp(*rlan  Cnals 
S.O.OLABANJI*.  R.CHERUBI.  I.  S.OALASSINI,  A.M.I.HAQUE+. 
G.MOSCHINT,  R.POLIC310NIADES**  AND  V.V.VLKQVIC^-^.  I.N.F.N. 

Laboratori  Nazionali _ Pi  Lcgnaro.  Paf.QYa.  -Ualy..-  The 

measurement  of  the  concentration  of  .major,  minor  and  trace 
elements  in  Nigerian  bituminous  and  sub-bituminous  coels 
from  different  deposits  were  carried  out  using  Particle 
Induced  Gamma-ray  Emission  (PIGE)  and  Particle  Induced  X- 
ray  Emission  (PIXE)  techniques.  Particle  beams  furnished  by 
a  2.5  MV  AN  2000  and  a  7  MV  CN  Van  de  Graaff  accelerators  at 
I.N.F.N.  Laboratori  Nazionali  Di  Legnaro,  Padova.  Italy,  were 
used.  Ge(Li)  and  Si(Li)  detectors  were  employed  for 
measurement  purposes  respectively.  The  comprehensive 
results  using  these  two  complementary  techniques  are 
presented  and  co..iparcd  with  earlier  measurements 
performed  using  ASTM,  INAA  and  FNAA  techniques. 

•  ICTP  Fellow,  on  Sabbatical  leave  from  C.E.R.D.,  O.A.U.,  Ile-Ife, 
Nigeria. 

+  ICrrP  Fellow 

**  ICTP  Fellow,  on  leave  from  ININ,  Mexico 

■H-  The  Rudjer  Boskovic  Institute,  Zagreb,  Yugoslavia 


PB8  ElfiJS _ Anil.’ab _ ol _ Esls _ Miuciun — SmBstone 

Sculptures.  S.O.  OLABANJI*.  R.  CHERUBINI,  S.  FAZINIC+'. 
G.MOSCHINI,  D.ZAFIROPOULOS.  I.N.F.N.  Laboratori  Nazionali  Di 
Leenaro.  Padova.  Italy.-  Recent  studies*  have  shown  that 
Esie  stone  sculptures,  the  largest  collection  in  Africa,  were 
carved  using  talc-tremolite,  talc-chlorite,  talc-trcmolite- 
antbopbylite,  and  talc-ampbibolite  schists.  However,  the 
light  elements  were  not  covered  because  PIXE  technique  was 
not  adequate  for  elements  lighter  than  Silicon.  For  the  first 
time,  PIGE  analysis  of  the  sculptures  and  the  outcrops  were 
carried  out  using  protons  and  alpha  particles  produced  by  a  7 
MV  CN  Van  de  Graaff  accelerator  at  I.N.F.N.  Laboratori 
Nazionali  di  Legnaro,  Padova,  Italy,  and  a  Ge(Li)  detector. 
Talc-scbists,  the  material  from  which  the  sculptures  were 
carved  are  quite  important  economically,  finding  use  in  the 
manufacture  of  paint,  ceramics,  abrasives,  tiles,  asbestos, 
cement  and  a  few  other  metallurgical  applications.  Results  of 
this  novel  measurements  are  presented. 

•  ICTP  Fellow,  on  Sabbatical  leave  from  C.E.R.D.,  O.A.U.,  Ile-Ife, 
Nigeria. 

On  leave  from  the  Rudjer  Boskovic  Institute,  Zagreb, 
Yugoslavia 

^S.O.OIabanji,  V.O.Olarewaju  and  O.Onabajo,  Nucl.Instr.Meth.  in 
Phys.  Res.  ML  No.4  (1990). 


PR**  A  simple  external-beam  ion  milliprohe  .system  for  in-air 
PIXE*.  STEVE  A.  MACLAREN,  F.D.  CORRELL,  JAMES  R. 
HUDDLE,  and  JEFF  VANHOY.  U.S.  Naval  Academy.  Annapolis. 
MD.  -  A  simple  extcmal-bean  ion  milliprobc  system  was  designed  and 
constructed  as  part  of  an  undergraduate  student  honors  research  project 
The  system  includes  an  adjustable  object  slit,  a  compact  electrostatic 
quadrupole  triplet  lens,  a  lens  positioner,  and  a  shielded  tip  with  a  thin 
Kapton  window  through  which  the  beam  exits  the  accelerator  vacuum 
and  enters  a  target  enclosure  with  interlocked  doors.  Auxiliary 
equipment  includes  a  four  segment  lens-entrance  collimator  with  a 
beam-current  monitor  that  facilitates  steering  the  beam  and  an  interlock 
system  that  intercepts  the  beam  when  any  of  the  doors  to  the  target 
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enclosure  is  opened.  Details  of  the  design  and  construction  of  the 
system  will  be  presented  and  its  perfonnance  will  be  described. 

♦Supported  by  the  Office  of  Naval  Research  through  the  Naval 
Academy  Research  Council  and  the  Trident  Scholar  Program. 


PB  10  PIXE-Microanalvsis  of  Rootlet  Samples  from 
fFagusSvIvniica)  .  MIKAEL  HULT,  Department  of  Nuclear 
Physics.  Lund  Institute  of  Technology.  Solvcaatan 
14.  S-223  62  Lund.  Sweden,  and  BEHGT  BENGTSSON, 
Department  of  Plant  Physiology.  Lund  Uniyersity. 

Box  7007.  S-220  07  Lund.  Sweden. - Cryosectioned 

and  freeze-dried  cross  sections  of  rootlet 
samples  from  beech  trees  {Fagus  Sylvatica)  were 
analysed  using  the  micro  PIXE  technique  (Particle 
Induced  X-ray  Emission).  A  beam  of  2.55  MeV 
protons  focussed  down  to  5x5  )im^  was  scanned 
along  the  diameter  of  the  rootlets.  The  purpose 
was  to  study  the  effects  of  AlClj,  on  the  uptake 
and  distribution  of  calcium  and  phosphorous  in 
roots  of  intact  beech  plants.  It  was  found  that 
the  presence  of  aluminium  in  soils  or  nutrient 
solutions  led  to  reduced  concentrations  of 
calcium,  magnesium  and  phosphorous  in  the  plants 
and  increased  concentrations  of  potassium.  The 
proton  microprobe  has  proyen  to  be  an  excellent 
tool  for  trace  element  analysis  of  biological 
samples.  since  Aluminium  only  was  present  in 
trace  element  concentrations  it  was  necessary  to 
analyse  each  sample  for  a  couple  of  hours  to 
reach  the  lowest  detection  limits.  Thus  full  use 
of  a  new  microprobe  and  data  collection  system 
were  necessary  conditions  for  this  analysis. 
Analysis  of  back-  and  forwardscattered  protons 
was  performed  simultaneously  as  the  PIXE 
analysis.  This  information  made  it  possible  to 
quantitatiyely  determine  the  matrix  elements  so 
that  the  trace  element  concentrations  could  be 
accurately  calculated. 


PB 11  Distrubution  of  Trace  Elements  in  Rats 
Following  Lead  Acetate  Supplementation.  R.  GOEL, 
R.R.  GARG,  S.  KOMAR,  S.  SINGH,  J.  GOSWAHY,  B. 
CHAND,  D.  MEHTA,  M.L.  GARG,  N.  SINGH,  P.C. 
MANGAL,  Department  of  Physics.  Paniab  Univerr^^'v 
Chandigarh-160014.  India,  PELLE  LARSSON,  K.G. 
MALMQVIST,  Department  of  Nuclear  Physics.  Lund 
Uniyersity.  Solyegatan-14 .  S-22362  Lund.  Sweden. 
and  P.N.  TREHAN,  Department  of  Physics.  Paniab 

University.  Chandigarh-160014.  India. -  The 

effect  of  orally  administered  lead  on  the 
distribution  of  other  trace  elements  has  been 
studied  using  PIXE  and  EDXRF  techniques.  Hale 
and  female  rats  were  administered  15  and  50  mg/kg 
)dy  weight  of  lead  acetate  daily  for  2  and  4 
weeks.  Five  organs/tissues  namely  kidney,  liver, 
brain,  femur  and  blood  were  taken.  Fifteen 
elements  namely  P,  S,  Cl,  K,  Ca,  Cr,  Mn,  Fe,  Cu, 
Zn,  Se,  Br,  Sr,  Rb  and  Pb  were  detected  with 
PIXE.  With  EDXRF  only  K,  Ca,  Fe,  Cu,  Zn,  Br,  Rb 
and  Pb  could  be  detected.  Reasonable  agreement 
between  the  results  of  PIXE  and  EDXRF  is  found 
for  K,  Ca,  Fe,  Zn,  Rb  and  Pb.  From  this  study  it 
is  seen  that  lead  supplementation  alters  the 
distribution  of  many  trace  elements. 


PB  12  Trace  Element  Conpositlon  Characteristics  and 
Acidity  of  Central  Alabama  Rain.  S.K.  GHORAI*,  0.  TEKYI- 
HENSAH,  and  J.F.  SIHS,  Alabara  State  U.—  and  J.R.  Hilliams 
and  W.L.  ALFORD,  Auburn  U.  —Elemental  concentrations  and 
acidity  of  central  Alabama  rain  have  been  studied  over  a 
period  of  five  years.  PIXE  methods  were  used  to  determine 
elemental  concentrations.  Seventeen  elements  were  found  in 
the  rain  samples.  Sazples  collected  during  the  Initial  five- 
month  period  showed  characteristics  that  are  described  here. 
The  elemental  cos^sition  of  southerly  air  flow  rains 


differed  from  that  of  northerly  air  flow  rains  with  the 
latter  containing  relatively  higher  concentrations  of  S,  Ca, 

Cu  and  Zn,  indicating  a  more  polluted  area  to  the  north.  For 
northern  rains,  four  relatively  strong  pair-correlations  were 
observed;  S  with  Ca  and  Cl  with  Na,  K  and  Cu,  the  latter  three 
suggesting  many  sources  of  Cl.  In  southern  rains,  eight 
strong  pair-correlations  were  found:  Ca  with  S,K  and  P,  K 
with  S,  Ca,  and  Zn,  and  S  with  K  and  Ca,  indicating  a  strong 
marine  influence  on  Cc,K  and  S.  Average  pH  values  were  4.95 
(northern)  and  5.40  (southern).  A  strong  correlation  found 
between  pH  and  logarithmic  sulfur  concentration  in  the 
northern  rain  but  not  in  the  southern  rain  suggests  that  the 
sulfur  found  in  the  northern  ram  comes  largely  frcsi  sulfuric 
acid  which  originates  in  polluted  areas  to  the  north.  Sulfur 
in  the  southern  ram  appears  to  come  mostly  from  neutralized 
sea  water  sulfate. 

•Supported  by  NIH  Grant  No.  GH08219 


PB  13  Five-Year  Data  Base  Resulting  From  PIXE  Analysis 
of  Central  Alabama  Rain.  S.K.  GHORAI*,  0.  TEKYI-HENSAH  and 
J.F.  SIHS.  Alabama  State  U..  and  J.R.  HILLIAMS  and  H.L. 

ALFORD,  Auburn  U.—  Rain  samples  were  collected  during  every 
rainfall  in  Montgomery,  Alabajaa  between  January,  1^85  and 
November,  1989.  A  total  of  297  sa::ples  were  collected.  The 
pH  value  of  each  sample  was  measured  immediately  after  its 
collection,  and  .he  elemental  concentrations  of  the  sample 
were  then  detemined  by  using  proton  induced  x-ray  emission 
(PIXE)  methods.  The  seasonal  weighted  average  pH  values  were 
lower  for  north  air  flow  rains  than  for  south  air  flow  rains, 
indicating  that  the  northern  rains  were  more  acidic  than  the 
southern  rains.  A  plot  of  the  seasonal  weighted  average  pH 
values  for  the  five-year  period  revealed  that  there  has  been 
a  slight  decrease  in  the  average  pH  since  the  summer  of  1985, 
suggesting  that  the  acidity  of  the  rain  has  increased  in 
Montgomery  since  that  time.  Graphs  of  average  seasonal  ele¬ 
mental  concentrations  of  frequently  occurring  elements  Ha,  Si, 
P,  S,  Cl,  K  and  Ca  have  been  plotted  for  different  wind  direc¬ 
tions.  The  main  purpose  of  these  graphs  was  to  establish  a 
data  baja  for  these  elements  over  the  five-year  period.  Be¬ 
sides  providing  c  five-year  data  trend,  these  graphs  reveal 
certain  features  about  the  elemental  distributions.  For  ex¬ 
ample,  the  sulfur  concentration  in  the  northerly  rain  tends  to 
be  higher  than  in  the  southerly  rains.  A  high  correlation  can 
be  found  between  the  seasonal  concentrations  of  Ca  and  K  for 
south  air  flow  rains  but  not  for  north  air  flow  rains.  Other 
similar  correlations  and  distributions  can  also  be  observed. 
•Supported  by  NIH  Grant  No.  GM08219 


PB  14  PIXE  Analysis  of  Thick  Metallic  Samples  at  KSU 

S.A.  ELBAKR,  Physics  Department,  King  Saud  University, 
Riyadh,  Saudi  Arabia  —  A  PIXE  system  for  analysis  of 
thick  sarples  has  been  established  at  KSU  Van  de  Graaff 
accelerator.  Energies  and  intensities  of  X-rays  emitted 
from  metallic  alloys  have  been  measured  using  a  hi^ 
resolution  energy-dispersive  X-ray  spectrometer.  Concen¬ 
tration  of  elements  present  in  alloys  has  been  deter¬ 
mined  by  centring  the  X-ray  yield  from  the  sanples  to 
that  from  spectroscopically  pure  thick  targets  of  Fe,  Ni 
Cu,  Zn,  Ag,  Sn,  Au  and  Pb.  Corrections  for  matrix 
effects  have  been  included  in  the  results.  Photon  in¬ 
duced  X-ray  fluorscence  technique  h2is  also  been  used  to 
analyze  the  same  alloys.  A  good  agreement  between  PIXE 
and  XRF  results  has  been  obtained. 


PB 15  An  Investigation  of  the  IR  Spectra  Feature 
for  Doped  Sapphires  bv  Hioh-Enerav  Proton 
Radiation.  CHEN  CHUAN,  Analytical  and  Testing 
Center.  Chengdu  Branch.  Academia  Sinica.  Chengdu. 
Sichuan.  P.R.  China.  LIN  LIBIN,  ZHAO  HUICHUAN, 
and  V?U  DENGXUE,  Department  of  Physics.  Sichuan 

University.  Chengdu.  Sichuan.  P.R.  China. -  With 

high-energy  (2MeV)  proton  radiation  for  doped 
sapphires,  the  new  IR  spectra  peaks  were  first 
time  found  at  2851cm'’,  2919cm'’  and  2955cm'’, 
which  bear  a  relationship  to  proton  radiation  and 
have  nothing  to  do  with  kinds  of  the  transition 
and  rare  earth  metal  ions  in  doped  sapphires.  By 
comparing  the  re.sults  of  IR  spectra  studies  of  a 
large  number  of  doped  Verneuil  sapphires  with- 
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high-temperature  annealing  in  H''  atmosphere^  the 
three  IR  spectra  peaks  were  recognized  h  ion 
symmetry  stretch  vibration  of  the  O-H-0^'  system. 
And  the  H*  ion  is  nearby  crystal  lattice  Al^*  ion 
(or  is  not  nearby  impurity  ions  and  other  point 
defects)  in  consideration  of  distribution 
difference  of  H*  ion  after  proton  radiation  and 
thermal  diffusion  in  crystal.  According  to 
calculating  results  of  the  formula 
Avs=4430x(2.84-R) ,  which  is  a  relationship  of  the 
distance  R  between  oxygen  and  oxygen  with 
frequency  shift  iVs  of  the  0-H-0^‘  system,  the  H* 
ion  exist  between  the  layers  of  oxygen  ions  of 
the  corundum  structure.  Some  experimental 
phenomena  were  explained  better. 

PB  16 

Mexico  City  aerosol  samples  analysed  by  PIXE.  F. 
J.  Flores,  R.  Diaz  and  G.  Anguiano.  Instituto  Na 
de  Investigaciones  Nucleates ,  Mexico.  Aerosol  sa 
from  local  atmosphere  in  Mexico . City  have  been  a 
by  measuring  the  X-Rays  induced  by  proton  bombar 
Cj?IXE) .  Vo  present  some,  first  results  obtained  u 
3  MeV  proton  beam  from  the  Tandem  Van  de  Graff  A 
rator  of  ININ,  Mexico,  and  some  others  in  collab 
with  CNL  University  of  California,  Davis.  Some  a 
have  been  collected  >Hth  an  integral  sampler  one 
since  January  1988  and  others  daily,  every  six  h 
during  a  whole  week.  The  elements  that  are  prese 
the  aerosols,  the  monthly  average  concentrations 
the  temporal  variation  in  lead  concentration  dur 
weekly  samplings  in  summer  and  winter  time  are  p 


PB  17  Influence  of  Film  Thickness  on  Ox\’t.en  Determination 
of  High  T.  Materials  bv  BBS  S.C.  TIDROW,  H.J.  FISCHBECK. 

Enpneering  Physics  Program,  Universily  of  Oklahoma. - RBS 

detemunation  of  oxygen  content  in  high  Tc  materials  deposited  on 
substrates  used  for  oriented  film  growth,  such  as  SiOz,  MgO, 
AljO]  and  SrTiOi,  can  be  difficult  due  to  substrate  interference. 
This  is  espedally  the  case  if  the  relatively  small  oxygen  signal  from 
the  film  appears  on  a  large  substrate  signal  and  is  overlapping  the 
oxygen  signal  from  the  substrate.  We  will  show  oxygen  determi¬ 
nation  in  films  can  be  significantly  improved  by  properly  choosing 
film  thickness  and  incident  beam  energy  such  that  the  front  edge 
of  the  oxygen  signal  from  the  film  is  separated  from  the  substrate 
signal.  RBS  analysis  of  varying  film  thickness  Lai.^SviCugOi 
films,  deposited  on  5«Oj  and  MgO  substrates  by  a  RF  planar 
magnetron,  is  shown.  RBS  simulation  is  used  to  demonstrate  the 
importance  of  film  thickness  and  beam  energy  for  determination 
of  oxygen  in  high  T*  material  films  deposited  on  other  substrates. 


PB  18  Simulation  Problems  in  Proton  RBS.*  S.  R.  RYAN,  and 
H.  FISCHBECK,  University  of  Oklahoma,  and  T.  XIE,  University 
of  North  Texas  — The  enhanced  non- Rutherford  cross  section  for 
proton  backscattering  from  light  elements  above  1  MeV  can  be 
utilized  to  profile  the  concentration  of  low-Z  nuclei  in  a  high-Z 
matrix.  Simulation  programs  used  to  determine  elemental  profiles 
which  work  well  for  helium  RBS  do  not  accurately  simulate  proton 
spectra  from  a  variety  of  high-Z  materials.  Simulations  of  proton 
spectra  of  high-Z  samples  consistently  underestimate  the  yield  of 
protons  backs'attcrcd  deep  in  the  sample.  The  discrepancy  in¬ 
creases  as  the  i;.  lici.l  proloi.  energy  increases.  Evidence  will  be 
presented  «hich  s..ggccts  that  multiple  scattenng  rather  than  in¬ 
accurate  slopping  power  data  or  a  low  energy  component  in  i..c 
beam  is  responsible  for  the  discrepancy. 

•Supported  in  part  b,  the  Shell  Oil  Company  Foundation. 


PB19  Ion  channeling  determination  of  interfacial  atomic 

repstrv  for  GaAs/ErAs/GaAs  (001)  heteroepitaxv.  N.  G.  STOFFEL, 
C.  J.  PALMSTROM,  AND  B.  L  WILKENS,  Bellcore.— We  used 
the  angular  dependence  of  MeV  He  ion  backscattering  from  Er  to 
determine  the  specific  atomic  registry  of  thin  ErAs  films  with  respect  to 
the  substrate  and  overlayers  in  MBE-^wn  GaAs/ErAsfGaAs  (001) 
hetcrostiuctures.  A  knowledge  of  the  interface  registry  is  required  to 
calculate  the  electronic  structure  of  the  ErAs  layers  and  to  understand 
the  mechaitisms  of  hetero-epitaxid  growth.  Blocking  and  focuang  of 
the  ion  flux  by  the  atomic  rows  in  the  GaAs  overlaycr  resulted  in  a 
sensitive  dependence  of  the  Er  backscattering  agni  upon  incident 
angle  near  specific  channeling  diiectioiis.  From  dettuled  rorasurements 
of  the  ion-blocking  and  flux-focusing  patterns,  comKned  wth  Monre 
Carlo  simulations  of  the  expected  ion  flux  at  various  possible  Er  sites, 
the  registry  of  the  ErAs  layer  could  be  determined  with  respect  to  the 
GaAs  overlaycr  to  an  accurate  of  about  0.01  nm.  The  crystal 
stnicturcs  of  ErAs  (rock-salt)  and  OaAs  (zinc  blende)  both  contain 
facc-ccntcred-cubic  As  sublatticcs.  Our  results  demonstrate  that  the 
atomic  registry  at  the  GaAs/ErAs  interface  is  such  that  the  As 
sublattices  form  an  essentially  condnuous  fee  lattice  across,  the 
interface. 


PB20  An  RBS  Rnalvsls  of  the  Low  Tempers-tura  Dlffusle 
of  Au  In  GaAs.  C.  3.  Patuuathavlthane,  J.  R.  Williams, 

C.  C.  Tin,  P.  A.  Barnes  and  H.  J.  Bezark,  Auburn  U.  —  A 
temperatures  above  approxima.tely  500*C,  the  interaction  o 
Au  and  GaAs  at  the  Au/GaAs  is  not  uniform  over  the  surfac 
of  the  ssmple,  and  the  interaction  leads  to  the  formation 
of  various  Au-Ga  phases.  As  a  result,  broad  beam  spot 
(s  400  pm)  RBS  techniques  are  normally  applied  for  only 
qualitative  a.nalysie  of  such  sarqiles.  The  non-uniform 
interaction  is  much  less  apparent  for  short  anneal  times 
16  mins.)  at  tea^ratures  below  450‘’C.  For  these  con¬ 
ditions,  a  fast  Au  diffusion  cce^nent  has  been  identifie 
using  RBS  techniques  and  analyzed  using  the  dilute  alloy 
approximation.  !^e  resulting  effective  diffusion 
coefficients  are  the  order  of  10"‘*cm“/s  and  are  in 
agreement  with  those  assigned  using  other  techniqiies 
(radioactive  tracer  and  SIMS).  These  coefficients  are 
believed  to  be  accurate  withiu  a  factor  or  two. 

•Work  supported  by  the  SDIO  Office  of  Innovative  Science 
and  Technology  through  Contract  #  DHA001-85-C-0183. 


PB  21  Ion  Channeling  Analysis  of  SrTiOx  (100) 

and  (110)  Surfaces..  K.Oura,H.WatanDri,F.Shoji, 
Faculty  of  Engineering,  Osaka  Univeraity.-- - 
Crystalline  quality  of  SrTiOj  (100)  and  (110) 
single  crystalline  surfaces  has  been  studied  by 
ion  channeling  method  utilizing  2-4  MeV  He^"  ion 
beams.  SrTiOa  crystals  obtained  from  different 
manufacturers  revealed  quite  different 
crystalline  quality.  The  minimum  yield 
varied  between  5  X  and  52  %.  Such  a  wide 
distribution  of  crystalline  quality  cannot  be 
observed  for  other  materials  such  as  MgO  and  Si. 
Polar  angle  scans  of  backscattered  yields  along 
the  <C01>,<01i>'  axes  have  also  been 
measured.  For  some  specimens,  angles  between  two 
channeling  dips  measured  at  <001>,<011>  ,and 
<101>  have  been  found  to  be  larger  up  to  about 
0.5*  than  45® , suggesting  possible  deviations  of 
lattice  constants  of  SrTi03  at  the  surface 
regions  examined  by  ion  channeling.  In  addition 
,the  effect  of  substrate  crystalline  quality  on 
the  growth  of  YBa2Cu30x  thin  films  has  been  also 
discussed. 


PB22  A  New  Ion  Beam  Hanrihook  for  Matenals  Scieniisis.  CJ. 
MAGGIORE,  M.  NASTASI  and  J.R.  TESMER,  Los  Alamos 
National  Laboratory.  C.J.  Barbour,  Sandi.a  National  Laboratories. 
and  J.  W.  Mayer,  Cornell  University.  -  Starting  with  the  foundation 
laid  at  the  Workshop  on  High  Energy  and  Heavy  Ion  Beams  in 
Materials  Analysis  in  held  in  Albuquerque  in  June,  1989,  a  new 
handbook  for  ion-beam  materials  analysis  is  being  written.  The  new 
handbook  will  expand  upon  the  matenal  in  the  existing  handbook. 
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Ion  Beam  iiandbouk  for  Materials  Analysis,  ed.  bj  Mayer  and 
Rimmr,  1977,  Academic  Press.  Particular  emphasis  in  the  new 
handbook  is  given  to  higher  energies  a.'id  heavier  ions,  as  welt  as, 
new  subjects  such  as  elastic  recoil  detection,  acrivaiion  analysis  and 
pitfalls  in  lon-be.'im  analysis.  A  consistent,  expanded  data  section  will 
also  be  included.  The  chapter  editors  and  contributors,  outline  and 
layout  of  the  handbook  will  be  presented. 

PB  23  (d.sLi)  and  Elastic  Scattormo  Cross 

Section.  J.M.  KNOX,  S.  BANERJEE,  Idaho  Stato 
University  --  The  elastic  scattering  cross  section  for 
proton  energies  under  2MeV.  In  this  energy  region,  the 
cross  section  is  definitely  not  Rutherford  with  some 
energy  ranges  of  enhanced  scattering  and  resonance  as 
wel!  as  energy  ranges  where  the  cross  section  Is  less 
than  Rutherford.  Fits  of  the  data  suitable  for  use  in 
modeling  programs  will  also  be  given. 

PB  24  Rutherford  Baclarattering/channelinii’  Studies  on  Thin-film 
YB3,Cu,Q,/Y-,0,  Lavert  on  (OOn  MgQ  substntes.  H.  JHANS 
and  L.  G.  EARWAKER,  ]>epartinent  of  Physics  and  Space 
Research,  University  of  Birmingham  Birmingham  B15  2TT,  UK. 

N.  G.  CHEW,  J.  A.  EDWARDS  'and  A.  G.  CULUS,  RSRE. 

Malvern,  Worcs.  WR14  ,3PS,  UK. - Rutherford 

bacIcscatteringCRBSJ/channeling  measurements  have  been  carried  out 
on  YBajCUjOjfyBCO),  YBCO/YjOj  and  YBCOATjOj/YBCO 
thin-film  structures  grown  onto  single  crystal  (001)  MgO  substrates 
by  e-beam  coevaporation  in  the  presence  of  atomic  oxygen.  The 
YBCO  layers  typically  have  K,  Jc>10*  A/cm’  and  are 

epitaxially  c-axis  oriented.  Aligned  <001  >  spectra  display  low 
baclcscatteriog  minima,  ^min»  which  further  confirms  the  good 
epitaxy  of,  these  films.  The  YBCO/YjO  j  and  YBCO/YjO/VBCO 
layers  are  found  to  grow  (001)  oriented;  low  XqiJq  in  the  <001  > 
aligned  spectra  again  indicates  jiapd  epitaxial  co’^ullinity.  At  the 
optimized  YBCO  compositioa,  RBS  spectra  indlute  all  interfaces 
to  be  sharp,  however,  increased  dechangeling  at  the  interfaces 
indicates  the  presence  of  crystallographic  defects.  Initial  resuitt 
from  a  high-<iuality  YBCO  layer  (JcMO*  A/cm’)  grown  on  an 
MgO  buffered  sapphire  substrate  indicate  good  epitaxy  of  the 
superconducting  layer.  Further  details  of  this  techncio^cally 
important  system  be  given. 


PB  25  MeasiiredJeyiaiioDS  from  Rulherford  Backvcaiiering  Cross 
Sections  Using  Li-Ton  Beams  K.M  Hubbard,  M  Bozoian.  JR 
Tesmer,  and  M  Nastasi,  Los  Alamos  National  Laboratory  - 
Bozoian  etal.[l]  have  developed  an  analytical  theory  which  predicts 
the  incident  ion  encigy  at  which  elastic  backscattering  cross  sections 
begin  to  deviate  from  their  Rutherford  values.  Tnc  results  are  in  good 
agreement  with  experimental  data  for  proton  and  helium-ion  beams, 
and  should  be  applicable  to  heavier  projectiles.  The  theory  has  also 
beep  extended  to  account  for  isotopic  variation  of  the  incident  beam 
(2j.  As  a  further  test  of  the  thcoiy,  we  have  performed  a  series  of 
backscatii^ring  measurements  using  both  ®L;  and  “^Li  ion  beams. 
Lithium-ion  backscattering  is  of  importance  to  thin-film  analysis 
because  it  offers  improved  depth  resolution  as  compared  to  helium. 
Elastic  backscattering  cress  sections  for  F,  A!,  and  Ti  v/ere  measured 
rejative  to  those  of  high-Z  reference  elements  over  an  energy  range  of 
2  12  MeV,  and  the  energies  at  which  'Jicy  began  to  deviate  from  then 
Rulherford  values  were  determined  The  experimental  results  are 
compared  with  picdicuons  from  the  analytical  theory,  and  from  opuca! 
model  calculations. 

[1]  M.  Bozoian,  K.M.  Hubbard,  and  M.  Nastasi,  accepted  for 
publication  in  Nucl.  Instr.  Meih.  B. 

[2]  M.  Bozoian  et  al .,  these  proceedings. 


PB26 

Applicaiion  of  ion  Bcatti.Tcchniaucs  to  Citalvst  Ix^.^d■nc  m 
Fuel  Cell  Electrodes.  J.G.  BEERY,  J.R.  TESMER,  S. 
GOTTESFELD,  Los  Alamos.  National  Laboratory.  D.R. 
WASHINGTON,  Umversnv  _  of  Houston.  M.E.  PIZA, 
Massachusetts  Institute  of  Tcchnoloev.-  We  have  studied 
platinum/carbon  fuel  cell  electrodes  with  ion  beam  backscattering. 


These  electrodes  consist  of  a  platinum/carbon/PTFE  powder  mixture 
which  has  been  hot-pressed  onto  a  carbon  cloth  backing.  We 
determined  the  Pt/C  ratio  using  a  2.2  MeV  a-particlc  beam.  The 
catalyst  layer  was  too  thick  to  be  completely  penetrated  at  2.2 .  <eV 
so  we  determined  the  total  platinum  loading  with  an  8.8  MeV  a- 
particle  beam.  This  also  gave  us  the  depth  profile  for  the  Pt/C  ratio. 
Wc  also  studied  the  spatial  variation  of  the  platinum  loading  over  a 
13  cm  X  IS  cm  electrode.  We  found  a  significant  spatial  variation  in 
platinum  catalyst  loading.  In  addition  to  the  RBS  studies  we  utilized 
the  F'^  (p,  y)  reaction  to  determine  the  flourine  depth  profile.  This 
gave  us  information  about  the  penetration  of  a  solid  polymer 
electrolyte  which  was  applied  to  the  electrode,  since  the  solid 
polymer  has  a  higher  concentration  of  flourine  than  the  rest  of  the 
clecuode. 


PB27 

Thickness  Measurements  of  Condiiciine  Polymers  Usine  Ton 
Beam  Backscattering  Techniques.  J.G.  BEERY,  S. 
GOTTESFELD,  Ix)S  Alamos  National  Laboratory.  E.  SABATANI. 
Weizniann  Institute  of  Science.  Rehovot.  Israel. —  Conducting 
polymers  arc  a  class  of  new  materials  at  an  imponant  stage  of 
development.  The  combination  of  mechanical  flexibility,  light 
weight,  high  corrosion  resistance,  and  high  electronic  conductivity 
makes  these  materials  interesting  for  a  number  of  applications.  They 
have  the  potential  for  replacing  metallic  conductors  in  cases  in  which 
low  weight  or  high  corrosion  resistance  is  critical.  We  have 
clectiochcmically  grown  polyanaline  films  on  gold  and  platinum  and 
determined  their  thicknesses  with  RBS  techniques.  By  observing 
the  energy  shift  of  the  underlying  gold  or  platinum  edge,  we 
obtained  the  film  thickness.  This  technique  was  successful  for 
thicknesses  down  to  about  100  A.  The  same  films  were 
characterized  in  situ  in  the  electrochemical  cell  by  optical  and 
microgravimetric  techniques.  The  thickness  evaluat^  for  the 
“soakai”  film  in  situ  could  be  compared  with  the  thickness  derived 
by  RBS  for  a  dry  film.  The  additional  microgravimetric  results 
allow  us  to  derive  film  density. 


■Analysis  of  Textured  Thin-Film  Superconductors  Utilizing 
MeV  Ion  Beams.  J.  G.  BEERY,  M.  G.  HOLLANDER,  C.  R. 
EVANS,  I.  D.  RAISTRICK,  and  F.  H.  GAR20N,  I^s  Alamos 
National  Laboratory. —  Wc  have  fabricated  thin-film  high- 
tem^raturc  superconductors  of  YBa2Cu307  for  electronic  device 
applications.  The  films  are  made  cither  by  coevaporation  from  three 
sourccs  or  by  off-axis  sputtering  from  a  stoichiometric  target.  The 
ptopenies  of  the  films  depend  strongly  on  microsiructurc  and 
texture.  Wc  have  found  that,  for  the  coevaporation  process,  we 
obtain  die  strongest  c-axis  ic.\ture  for  film  thicknesses  of 2500  A  or 
less.  Ion  beam  channeling  is  an  imponant  tool  for  measurements  of 
crystal  quality.  We  also  use  ion  bca.ni  analysis  to  determine  the 
physical  thickness  of  the  films,  using  an  experimental  relation 
between  the  areal  density  as  measured  by  RBS,  and  the  thickness  of 
the  as-deposited  films  measured  by  a  surface  profilcmcter.  Ion 
beam  analysis  is  also  very  useful  for  observing  the  sharpness  of  the 
substrate  film  interface.  Vanous  techniques  for  improving  data 
quality  on  different  types  of  subsuate  are  also  discussed. 


PB24  Characterization  of  Electrochewicallv 
Polviaerized  Hetal  Phthalocvanines  using 
Rutherford  Backscatter.vnQ  Snectroraetry.  E.M. 
BAUM,  H.  Li,  T.F.  GUARR,  J.D.  ROBERTSON, 

Chemistry  Dopt. .  Univ.  of  Kentucky. -  A  new 

electrochemical  polymerization  method  for 
producing  electronically  conductive  thin  films 
(0.1-0. 5  pm)  of  metal  phthalocyanines  has  been 
developed.  Potential  applications  of  these  films 
'include  nonlinear  optics,  fuel  cells,  and  gas 
sensing.  The  film  thickness  is  a  crucial  factor 
in  controlling  the  speed  at  which  these  films 
undergo  reversible  electrochemical  reduction. 
The  rapid  instrumental  determination  of  the 
thickness,  elemental  composition,  and  solvent  and 
electrolyte  incorporation  of  the  polymeric  films 
by  RBS  will  be  discussed. 
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PB 30  Inflaence  of  accidental  cOanneling 
on  the  analysis  o£  oxygen  in  crystals,  using 

the  ^^O(^He.p) reaction.  E.  HANNA  BAKRAJI, 
G.  DUCOURET,  G.  BLONDIAUX,  J.L.  DEBRUN, 
CNRS-CERI,  45071  Orleans  (France) — Channeling 
has  been  widely  used  in  combination  with 
methods  like  RBS,  PIXE  or  prompt  nuclear 
reactions,  and  accidental  channeling  has 
been  recognized  as  a  possible  source  of 
errors.  This  is  not  the  case  for  charged 
particle  activation  (CPA) ,  which  has  very 
seldom  been  used  in  combination  with  channe¬ 
ling,  and  for  which  the  influence  of  acci¬ 
dental  channeling  has  never  been  studied. 
This  work  presents  results  concerning  the 
analysis  of  oxygen  by  CPA  in  Ga,  A1  As 

16  3  * 1 8 

epitaxial  layers  using  the  0(  He,p)  F 
reaction  at  3  MeV,  and  discusses  the  errors 
introduced  by  accidental  channeling.  In 
these  layers,  for  the  higher  aluminium  concen¬ 
trations  and  the  higher  arsine  flows,  oxygen 
IS  mostly  interstitial;  it  is  mostly  subs¬ 
titutional  for  the  lower  oxygen  concentra¬ 
tions  and  the  lower  arsine  flows.  Accidental 
channeling  then  leads  to  oxygen  concentra¬ 
tions  higher  than  the  real  concentration 
in  the  first  case,  and  to  lower  concentra¬ 
tions  in  the  second  case  (up  to  a  factor 
of  3). 


PP  31  RBS  Experiments  on  a  Rough  Surface  with 
Variation  of  Ion.  Energy  and  Geometry.  A. 
BARRAG^-VIDAL,  E. ANDRADE,  J.C.  PINEDA,  E.  PEREZ , 
Institute  de  Pisica  UNA  de  Mexico,  and  F.  GARCIA- 

SANTIBASEZ, ININ,  MEXICO. -  When  using 

Rutherford  Backscattering  (R3S)  for  analysing 
solids,  it  is  well  known  that  the  shape  of  the 
spectrum  is  affected  by  the  sample's  topography. 
For  the  general  purpose,  of  studying  metals  with 
some  degree  of  damage  by  this  technique,  we  have 
prepared  a  series  of  samples,  with  different 
rough  surfaces  in  order  to  simulate  the  process. 
One  of  these  samples  consider  is  the  surface  made 
of  the  edges  of  a  package  of  razor  blades,  with 
small  quantities  of  Pj  on  the  surface  edge.  To 
determine  those  conditions  under  which  it 
impossible  to  obtain  the  most  reliable 
information  of  surface  composition  and  surface 
morphology,  the  following  parameters  were 
considered  ion  type  {p<d,  ),  energy,  and 
geometry.  The  RBS  experiments  were  complemented 
with  PIXE.  These  measurements  were  done  with  two 
Van  de  Graaff  accelerators,  one  of  700  KeV  and 
the  other  of  5.5  MeV. 


PB32  The  Lattice  Site  of  Hallun  In  Ceramic  Oxides  W.R. 
AIXEN,  M.B.  LEWIS  and  L.K.  HAHSUR,  Oak  Ridge  National 
Tj»boratorv.*--The  lacclce  location  of  ’He  In  sapphire  (o- 
AlxOj)  and  magnesium  oxide  (HgO)  has  been  established  by 
techniques  of  ion  channeling  and  nuclear  reaction 
analysis.  For  200  keV  inplantations  in  o>Al20]  near  room 
temperature,  helium  atoms  prefer  to  locate  near  the 
oct^edral  interstitial  site,  referenced  with  respect  to 
the  oxygen  sublattice.  The  occupation  of  this  site 
dominates  over  substitutional  placement  in  irradiation- 
produced  vacancies  or  tetrahedral  interstices.  In 
contrast,  a  definite  lattice  site  could  not  be  assigned 
for  similar  ’He  implantations  in  HgO.  This  disparity  is- 
attributed  to  differences  in  the  lattice  structure  of  o- 
AljO)  and  HgO.  In  both  materials,  the  tendency  for  helium 
to  accumulate  in  bubbles  appears  to  be  minimal. 

*  Research  sponsored  in  part  by  the  Division  of  Materials 
Sciences,  U.S.  Department  of  Energy  under  Contract  DE- 
AC0S-840R21400  with  Martin  Marietta  Energy  Systems,  Inc., 
in  part  by  an  appointment  to  the  Postgraduate  Research 


Training  Program  under  Contract  DE-ACOS-760R00033  between 
Che  U.S.  Department  of  Energy  and  Oak  Ridge  Associated 
Universities,  and  in  part  under  Contract  41B0768SC  between 
Che  U.S.  Department  of  Energy  and  The  University  of 
Tennessee,  Knoxville. 

PB  33  Materials  Impurity  Analysis  by  Means  of 
Nuclear  Resonance  Reactions.*  R.  S.  HORNADY, 
UC/LLNL.— A  beamline  for  automated  impurity  mea¬ 
surements  is  installed  on  the  FN  tandem  in  the  Center  for 
Accelerator  Mass  Spectrometry  at  the  Lawrence  Livermore 
National  Laboratory.  The  major  purpose  of  the  beamline 
system  is  to  determine  the  diffusion  of  water  into  glasses 
by  use  of  the  ’®F(p,aY)>*0  reaction.  This  study  is  stimu¬ 
lated  by  the  radiation-waste-isolation  program;  however, 
the  system  is  applicable  to  studies  of  other  impurities  in 
many  material  matrices.  The  target  wheels,  each  of  3vhich 
holds  24  samples,  can  be  changed  in  less  than  an  hour. 
The  beamline  control  system  both  indexes  the  target 
wheel  and  controls  the  tandem  energy  as  it  steps  through 
the  requested  measurement  protocol.  The  tandem  control 
system,  in  response  to  a  request,  adjusts  the  terminal 
potential  and  other  transport  elements  so  as  to  maintain 
constant  spot  size  and  location.  Details  of  the  installation 
and  analysis  capabilities  3vill  be  presented. 

*This  work  was  performed  under  the  auspices  of  the  U.  S.  Department 
of  Energy  at  the  Lawrence  Livermore  National  Laboratory  under  con¬ 
tract  W-7405-Eng-48. 


PB34  A  Tritium  Profilino  Experiment.  J.F  HARMON.  S 
SRiNIVASAN,  J.M  KNOX,  Idaho  State  University.—  A 
technique  for  detecting  and  depth  profiling  T  m  solid 
materia's  is  discussed.  Based  on  the  T(p,n)  threshold 
reaction  one  is  able  to  detect  and  profile  T  at  levels  •> 
10i2T/cni2  in  carbon  at  depths  up  to  ~  10pm.  Results 
from  several  different  samples  are  presented. 


PB  35  Materials  Science  Application  with  Positrons 
P.L.  JONES,  Duke  University,  Durban,  NC,  U.SA. 

See  Session  Number:  EA9 


PB36  Free-Volune  Properties  of  Polyners  Probed  by 
Positrons 

Y.C.  JEAN,  University  of  Hissouri-Kansas  City, 
Kansas  City,  HO. 

See  Session  Number:  EA8 


PB  37  WITHDRAWN 


Vol.  35,  No.  8  (1990) 


1786 


Thursday  Afternoon 


PB38  Assessment  of  Kuclearg Reaction  Analysis 
For  the  Measurement  of  °0  Concentration  in 
Organic  Samples ■  Sylvanus  N.  Nwosu,  Department 
of  Physics/Engineering,  Xavier  University,  New 

Orleans -  Nuclear  reaction  analysis  (NRA) 

was  assessed  as  a  fast  and  simple  method  of 
determining  the  natural  abundance  of  °0  in 
Beet  sugar,  h.  Aspartic  acid,  L. glutamic  acid. 
Cellulose  and  Sorbic. acid.  Attempts  were  made 
to  determine  the  0  abundance  of  these 
samples  relative  to  that  of  Beet  sugar  by 
determining  the  ratios  of  the  reaction 
a-particles  emitted  when  the  samples  were 
bombarded  with  a  20-30  nA  curi-ent  of  0.73  MeV 
protons.  A  thick  target  correction  factor  was 
applied  to  the  measured  ratios  of  reaction 
a-particles  to  accr  int  for  proton  energy 
losses  through  the  ta..et.  Most  of  the  samples 
investigated  seemed  to  be  unstable  under  the 
beam  bombardment.  This  and  other  difficulties 
encountered  during  the  investigation  are  also 
discussed. 


PB  39  Preparation  of  Tantalum  Oxide  filp 
Targets  For  Nuclear  Reaction  Analysis  of 
Oxygen  Isotopes  in  Biological  Solutions 

Sylvanus  N.  Nwosu,  Department  of 
Physics/Engineering,  Xavier  Lniversity,  New 
Orleans  LA  A  simple  method  of  preparing 
^*^2^3  blood  plasma,  serum,  and  urine 

is  devised,  based  on  electrochemical 
oxidation  of  tantalum  using  a  current  limiting 
constant  voltage  method.  Anodization  was 
carried  out  at  on  initial  current  density  of 
10  mA/cm  up  to  a  well  defined  anodization 
voltage,  ajd  a  residual  current  density  of 
0.04  mA/cm  ..Although  the  mechanism  of  oxide 
growth  in  these  electrolytes  was  similar  to 
anodization  in  3  %  ammonium  citrate  solution 
of  water,  there  seemed  to  be  a  higher  oxide 
growth  rate  for  anodization  in  biological 
solution  I  pH  -  6. 5-8.0)  than  water  (pH  .6.4) 


?B40 

fflGH  RESOLUTION  DEPTH  PROFILING  USING 
D(^He/He)H  NUCLEAR  REACTION  ;;  DETECTION 
OF  ^He  AT  A  FORWARD  ANGLE;U.K.Chaturvedi“5,£.P. 
Div.,CEHN, Geneva, Switzerland;  U.Siciner,  O.Zak,  G.Kra’jscIfl, 
G.Schatz**  and  J.KIdn,  Dept.  Polymer  Reeearch,Weizmann 
Institute  of  Sdence,  Rehouot, Israel.  High  spatial  resolution 
obtained  in  dcuteiatcd  polymers  uang  D(^Se*He)H  nuclear  re¬ 
action  analysis*  ^  is  explained  analytically  on  the  basis  of  the  kine¬ 
matics  of  the  nuclear  reaction.An  amplification  in  the  energy  of 
emitted  *He  is  obtianed  while  detecting  them  at  a  forward  angle 
<  45*.This  enhances  the  spatial  resolution  substantially  FWHM 
spatial  resolution  of  14  and  18  nm  (1.5  and  2.1  pg/cm'^)  is  thus 
obtained  experimentally  at  the  surface  uang  700  and  900  JteV 
beams. 

*^lu3  work  was  done  during  author's  affiliation  with  Weizmarm 
Institute.  ‘Wisiting  from  Phys.Department, Konstanz  University, 
Konstanz,W.Gennany 

(IJChaturvedi  etal.,  Phys.  Rev.  Leit., 63(1959)616, [2J  Chaturvedi 
etal.;Appl.  Phys.  Lett.  56(1990)1228 


PB41  A  Nuclear  Reaction  Study  of  Nitroi 

Qii£usioD  An%3.  and  Ml.s&isia 

Microhardness.  L.M.  Apdtiga,  E.  Andrade, 
Rickards,  and  F.  Alba,  Infltituto  de  Fisi' 
Nacional  Autonoina  Mexico, 

reactions  N(d,a)  C  and  'N(d,p)  "‘K  vjere  used 
measure  the  diffusion  of  nitrogen  into  titani» 
v)ith  the  beam  from  a  5.5  MV  Van  de  Gra; 
accelerator.  By  bombarding  with  2.6  MeV  deutert 
and  observing  the  spectra  at  a  laboratory  angle 
170°,  a  fairly  flat  region  in  the  excitation  cu- 
of  the  ground  state  «  particles  is  found.  ’ 
shape  of  the  energy  spectrum  is  therefi. 
indicative  of  the  nitrogen  profile,  allowing 
study  of  about  10  pm  from  the  metel  surfa> 
Titanium  samples  were  heated  in  a  nitroi 
atmosphere  for  up  to  four  hours  at  temperatu" 
between  800°C  and  1200°C.  The  amount  of  nitrot 
diffused  was  then  correlated  to  microbardn, 
ineasureinent'* . 


PB42  Ion  Beam  Analysis  at  the  University 
Mexico.  E.  Andrade,  Institute  de  Fisi 
Universidad  Nacional  Autonoma  de  Mexico .  Ion  b 
analysis  (IBA)  facilities  at  the  Institute 
Fisica  was  restricted  before  1988  to  the  use  o: 
0,.7  MV  positive  ion  Van  de  Graaff  accelerator, 
installation  of  a  vertical  single  ended  5.5  MV 
de  Graaff  accelerator  (HVEC  model  CN)  at  U.N.A 
has  been  completed  and  it  has  been  operatio 
since  1989.  *  This  accelerator  and  associa 
equipment  was  obtained  as  a  donation  Irom  R 
UniveFSity.  The  different  types  of  ion  beam  (p, 
^He,  'He,  ‘n,  **N,  etc.)  with  energies  above  1 
obtained  with  this  accelerator  have  turned  it  i 
a  very  versatile  tool  for  analyzing  solids.  M 
of  the  IBA  techniques  are  availab 

backscattering,  (p,a)  and  (p,y)  nuclear  react 
resonances,  (d,o)  and  {d,p)  reactions,  FIXE,  e 
A  brief  summary  of  ’some  of  the  measurements 
presented. 


PB  43  A  Neutron  Generator  for  Theraal  Neutron  Activation 
G.  A.  Norton,  R.  D.  Rathaell,  P.  D.  eleven  and  J.  S. 
Schroeder,  National  Electrostatics  Corp.,  Middleton,  HI. 
A  1HV  single  ended  Pelletron  has  been  developed  to  be  a 
siople,  reliable  source  of  neutrons  for  themal  neutron 
activation  (THA) .  The  1HV  accelerator  is  designed  to 
provide  up  to  50  pA  of  deuterium  at  the  fixed  energy  of 
IKeV  to  produce  neutrons  by  the  ’Be(d,n)  reaction  with  a 
flux  up  to  5  X  10®  neutron/second.  An  HP  ion  source  in 
the  teralnal  has  been  designed  for  long  life,  trouble 
free  operation.  This  system  has  been  demonstrated  to 
run  1)000  hours  without  servicing.  The  features  and 
operational  experience  will  be  reviewed. 


t'B44  Thin  Laver  Activation  Technique  Applied  to 
the  On-Line  Iron  Wear  Measurement  of  Engine  Can 
Hose.  TOSHISO  KOSAKO,  HOSHIO  EGUCHI,  KOJI  SHIDA, 
Research  Center  for  Nuclear  science  and 


and  KAZUO  NISHIMURA, 


Thin  layer  activation  technique,  in  which  ’’MeV 
proton  beam  was  irradiated  on  the  iron  surface  to 
produce  a  very  thin  (several  ten  pn)  activated 
region,  was  applied  to  the  on-line  iron  wear 
neasarenent  of  engine  can  nose.  The  wearing 
amount  of  this  activated  part  was  measured  using 
Ge-semiconductor  detector  by  on-line  and 
nondestinictive  method.  The  calibration  curve  of 


iron  wear  was  obtained  through  the  comparison  of 
this  radiometric  method  and  the  usual 


Vol.  35,  No.  8  (1990) 


1787 


Thursday  Afternoon 


electronicroraeters  using  an  iron  block  wear  test 
by  a  polishing  nachine.  For  the  application  of 
this  method  to  the  real  car  engine  part  (engine 
can  nose) ,  the  data  acquisition  system  using 
microcomputers  was  built.  The  wear 
characteristics  were  successfully  measured  and  an 
effectiveness  of  this  method  was  verified. 


PB 45  Hulti element  analysis  of  TurMs.i  Marble  >£$)  samp) 
reans  and  THAA.  S.DOKKtK,  H.aYASOY,  Y.OZBIR,  G.TAi 
Oept.  of  Physics  Cekmece  Nuclear  Research  and  Training  Ce 
ISTANBUL,  TURKEY 

Natural  Eskisehir  Siibrea  (ES,  a  kind  of  Turkish  Marble)  s. 
were  Irradiated  with  14.5  KeV  neutrons  provided  bynSAHESj, 
low  energy  ion  accelerator  at  a  flux  of  about  2xl0’  n/cni  • 
by  the  rabbi t-system20f  5  HH  TR-2  reactor  at  a  thenral  fli 
about  2.4x10  n/cra‘^sec  at  the  Cekmece  Nuclear  Research  . 
Training  Center. 

A  variety  of  activation,  decay  and  count  times  were  used 
determine  the  concentration  of  elements  in  ES  and  nearly 
elements  such  as.  La,  Ca,  Si,  Mn,  Al,  K,  Na,  Kg  have  been 
found  by  gamma  raj  spectroscopic  method.  It  is  shown  that 
is  a  useful  material  for  shielding  against  gamma-rays  and 
possible  applications  examined. 


PB46  New  Keutron  Generators  for  Industry;  The  CESIE 
Faolly.  SERGE  CLUZEAU  and  JEnJi  R.  HURIET,  Soci4t4 
SODERK,  France. --Since  1962  SOPERN  has  developed  neutron 
generators  caking  use  of  sealed  tubes  containing  deuter¬ 
ium  and  tritiua  for  production  of  "on-off"  14-XeV  neu¬ 
tron  sources.  The  techaoiogy  gainco  over  core  than  25 
years  is  now  being  applied  to  new  nign-rcii-iBiiity  neu¬ 
tron  generators  for  industry.  The  GENIE  f.J»ily  is 
transportable  cguipsent  which  is  suitable  for  various 
applications  depending  upon  the  level  of  esission 
achieved.  The  GENIE  26  covers  the  lo”  to  SxlO**  n/s 
range.  It  has  oecn  in-plant  tested  over  2uuu  hours  of 
continuous  and  pulsed  ecission.  Socc  tuoes,  in  operation 
for  Bore  than  SOCC  hours,  arc  used  for  uivil  engineering 
and  nuclear  wjjtc  container  survey.  The  GSiilE  4&  deli¬ 
vers  up  to  10*'‘  (noainal  value!.  It  is  designed  to 
be  used  up  to  5x15  with  a  special  target  cooli.-.g  device 
under  developsent.  Until  now  the  GENIE  46  has  operated 
in  the  continuous  ecission  sode.  A  pulsed  code  is  under 
developcenc.  Expected  lifetise  is  in  the  range  of  1000 
hours  at  nosinal  eaissiog.  In  tetween  will  be  a  GEillE  36 
covering  the  range  of  lo“  to  10***  n/s.  All  of  the  GENIE 
series  use  the  sane  kind  of  very  high  voltage  power 
supplies  siailar  to  those  of  X-ray  aachines. 


PB47  Resonance  ionization  tcass  spectrometry 
applied  to  insulating  samples  :  problems 
for  sputtering  and  for  calibration. 

M.F.  barthe'.,  T*.  GIBERT^,,  b.  dubreuil’ , 
R.L.  INGLEBERT  ,  J.L.  DEBRUN  .  1)  CNRS-CERI, 

45075  Orleans  (France),  2)  GREMI,  Oniversite 
d'Orleans  (France) — Ion  sputtering  of  samples 
followed  by  laser  resonance  ionization  and 
mass  spectrometry  is  a  very  powerful  met)iod 
for  trace  and  surface  analysis.  In  the  case 
of  insulating  samples  there  are  charging 
problems  during  KeV  ions  bombardment  (sputte¬ 
ring;.  To  overcome  t.his  problem  we  have 
used  a  pulsed  Ar  beam  !!S  uS  pulse  duration 
at  to  Hz).  'A  stable  photoion  signal  can 
be  obtained,  provided  that  the  insulating 
seuaples  are  "prepared"  beforehand  by  sputte¬ 
ring  with  a  continuous  argon  beam  and  for 

a  minimum  dose  of  -v  7.10  lons/cn’ .  Cali¬ 
bration  IS  not  as  easy  as  in  the  case  of 
conductors,  because  the  experimental  condi¬ 
tions  (especially  the  optimization  of  the 


mass  spectrometer )  have  to  be  adjusted  for 
each  type  cf  sample.  For  that  reason,  we 
have  detelopped  ar.  internal  calibration 
method  :  the  y,iiotcion  signal  for  the  impurity 
of  interest  is  compared  to  the  signal  from 
a  major  ele.’csnt  of  the  matrix.  E.xamples 
will  be  given  in  the  case  of  SiO-  and  fluoride 
glasses.  ^ 

PB48 

Boron  ion  imp)anl3tiun  in _ YBaCuO  superconduchne  thin 

films.  J.  Wu,  Jianji  Liu,  Zuhua  Z.*i:ns.  Y.  1  Zhao,  N.Yu,  P.Y.Hsich 

Dcpanmeni  of  Phvsics.  Univorsiiv  of  Housion.  TX-77204.SS06 
Denes  Marion,  Department  of  Chem<strv.  Universiiv  of 

Housion.  Houston. _ TX  77204  ..We  have  studied 

microstruciure,  annealing  effect  and  superconductivity  of 
YBaCuO  film  impianted  with  B  ion  .  The  degree  of  radiation 
damage  was  monitored  by  the  room  te.'nperature  resistance  of 
YBCO  during  ion  impfantstion.  The  anneaiing  was  done  in 
oxygen  atmosphere  at  the  temperature  from  400  C  to  800  C. 
The  effect  of  ion  impiantation  tiefore  and  after  annealing 
has  been  measured  with  XPS,  SEM  and  X-ray  diffraction 
for  different  dosages.  The  T^  and  have  been  measured  by 
a  four-point  probe  method.  The  effect  of  boron  ion 
impianiation  on  YBCO  will  be  compared  with  ion  implantation 
by  nitrogen,  fluorine  and  neon  ions. 

PB49 

Effects  of  Nitrogen  and  Neon  ion  implantation  to  the  YBCO 
superconductor  thin  films  Zuhua  Zhang.  Jiaiui  Liu,  Ning  Yu.  Ki 
Ma,  Judy  Wu.  Y.  J.  Zhao,  W.  A.  Lam,  P.Y.  Hsieh  and  Wei-Kan 
Chu.  Texas  Center  for  Suptrconduciiviiv.  Department  of 
Physics.  University  of  Houston.  Housion.  TX-77204.  Denes 

Ma’5on.  DsBaaincni _ si _ Ch.einisi0i_i;niycrsL'y-of  .  Hsusion. 

Houston.  TX  77204  -The  effects  of  nitrogen  and  neon  ion 
implantation  on  thin  films  of  YBCO  superconductor  have  been 
investigated  by  means  of  SEM,  XPS  and  in  situ  room 
temperature  resistance  measurement.  Ion  implantation  was 
carried  out  at  energies  ranging  from  SO  keV  to  200  keV  to 
achieve  uniform  distribution  of  implants  within  the 
implanted  layer.  The  ion  beam  current  were  set  under  100  nA 
during  the  implantation  to  limit  the  heating  effect.  The  XPS 
measurement  indicate  that  Cu*"*'  has  been  converted  into  Cu'*’ 
and  the  oxygen  peak  became  broader  after  the  nitrogen  ion 
implantation.  Apparently  chemical  reaction  has  been  induced 
by  nitrogen  ion  implantation.  SEM  shows  that,  before  ion 
implantation,  the  YBCO  grains  have  sharp  rectangular  shape; 
but  after  ion  implaniatior.,  these  grains  lost  their  sharp 
edges  and  their  surfaces  appears  as  if  they  have  been  melted. 
This  reaction  suppresses  the  superconductivity  of  the 
YBCO  thin  film.  The  room  temperature  resistance  of  the 
sample  changed  from  9.8Q  to  several  MO  after  being 
bombarded  with  SxlOU  N+/cm-  .  Annealing  in  flowing  O2 
can  not  recover  ihc  superconductivity  of  the  nitrogen 
implanted  sample.  As  a  comparison,  the  neon  ion  implantation 
has  also  been  studied. 


PB  50 

Flux  Pinning  studies  on  proton  irradiated  YBCO  thin  film 
Y'uan  Jun  Zhao.  Jiarui  Liu.  Zuhua  Zhang.  K.  Ma.  Shashank 
Deshmakh,  and  Wei  Kan  Chu.  Texas  Center  for 
SiiPerconduciivitv  and  Dem.  jf  Phvsics.  Univ.  of  Houston.  Texas 
77204  5506  Radiation  damage  study  of  200  keV  proton  in 
YBCO  thin  films,  prepared  by  an  Inverted  Cylindrical 
Magnetron  Sputtering  system,  were  made  as  a  function  of 
fluenccs.  The  range  of  200  keV  proton  in  YBCO  is  about  one 
micro-meicr,  much  larger  than  thin  film  itiickness.  which  is 
about  3000  Angstrom.  So  proton  can  transmit  through  film 
easily  and  leave  behind  only  randomly  localized  defects. 
Critical  current  measurement  by  AC  transport  technique  on  ion 
beam  etched  YBCO  thin  films  reveal  ihc  flux  pinning  strength. 
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Scanning  electron  microscopy  (SEM>  verify  the  clustering  of 
localized  defects  and  nucleation  of  extended  defects  after 
proton  irradiation.  Correlated  with  SEM,  AC  transport 
measurement  is  able  to  identify  the  flux  pinning  center. 
Broadening  of  resistive  transition  ,  together  with  X-ray 
diffraction  tell  us  the  crystal  structure  change  after  irradiation. 
Flux  pinning  mechanism  and  its  correlation  with  radiation 
defect  will  be  reported.  Potential  application  of  this  study  in 
microelectronics  interconnect  will  be  discussed. 

PB51 

Fluorine  ion  implantation  in  YBaCuO  Superconductor,  liarui 
Liu,  Zuhua  Zhang.  J.  Wu,  K.  Ma,  YJ.Zhao,  N.Yu,  P.Y.  Hsieh  and 
Wei-Kan  Chu.  Texas  Center  for  Superconductivity  and 
I>nar«menl  of  Physics.  University  of  Houston.  Texas-77204- 

5506.  Denes  Manon,  Depanment  of _ Chemistry.  IJniversHv 

of  Houston.  Housioii.  TX  77204  —We  investigated  the 
annehling  behavior  of  fluorine  implants  in  YBCO 
superconductors.  Resonance  nuclear  reaction  analysis,  XPS  and 
SEM  were  used  for  characterization.  YBCO  superconductor  thin 
films,  prepared  by  inverted  magnetron  sputtering  on  various 
substrates,  are  implanted  with  fluorine  ions  at  SO  keV  to  get  the 
projected  range  of  about  600  Angstrcms.  The  degree  of 
zmorphization  during  the  implantation  has  been  monitored 
by  room  temperature  resistance  of  the  sample  during  the 
implantation.  The  fluorine  distribution  before  and  after 
thermal  annealing  have  teen  measured  by  the  resonance 
nuclear  reaction.  *’F(p.  ^a)'*0,  at  the  proton  energy  of  S72  keV. 
The  possible  replacement  of  oxygen  by  fluorine  in  YBCO  have 
been  investigated  by  XPS  measurements.  The  influence  of 
this  oxygen  replacement  on  the  superconductivity  will  be 
discussed. 


PB  52  Effect  of  Taplantation  Current  Density  on 
the  Microstructure  of  SIMOX  SOI.  H.Yang  and 
R.F.Pinizzotto,  Center  for  Materials  Charac. . 
University  of  Worth  Texas,  and  F.Kanavar  and 

E.Cortesi,  Soire  corporation. -  loplantation 

current  density  is  the  prinary  cxperinental 
paraneter  that  affects  the  inplantation 
tesperature.  Oxygen  ions  were  inplanted  into  Si 
substrates  to  a  total  dose  of  4  x  lo''/ccr  with 
the  current  density  varying  froa  10  to  60  ;xA/ca*. 
Sacples  were  exanined  using  cross-sectional 
transsission  electron  nicroscopy.  Kith  an 
inplantation  current  of  60  pA/ci?,  the  sanple 
surface  is  heavily  danaged.  The  top  silicon 
layer  i.s  discontinuous  and  contains  large  pits. 
This  danage  can  be  elininated  by  covering  the  Si 
substrate  with  70  na  of  themal  5iOj  before 
inplantation.  In  the  10  to  50  (ik/ciy  range,  the 
current  density  affects  only  the  nicrostructurc 
of  the  top  Si  layers  of  as-iaplanted  saaples. 
After  high  tenperature  annealing,  the  top  layers 
are  defect-free,  regardless  of  the  inplantation 
current  used.  Therefore,  in  this  current  density 
range,  the  current  density  does  not  affect  the 
nicrostructurc  of  annealed  sanples. 


PB  «  FFFFCTS  OF  BFAM  CURRENT  DENSITY  ON  THE 
F-lErTRlCAL  CONDUCTIVITY  OF  ION  IMP1.ANTED 
POLYMERS.  Y.Q.  Wang,  LB.  Bridwcll,  R.E.  Gicdd  and  MJ. 
Murphy,  Southwest  Missoun  State  Universi^,  Springfield,  Me 
65£(M — Several  kinds  of  polymers  ntre  implanted  by  50  keV 
nitrogen  fN  and  N:  )  with  different  inadent  b<um  densities  (0.16- 
2.04  nA/cm*).  The  resistivity  was  measured  using  a  improved 
hvo-contact  alumiunum  evaporation  method.  The  beam  density 
was  found  to  significantly  influence  the  resistivities  of  implanted 
polymers.  TTic  temperature  of  the  targets  at  the  end  of  the 
implant  depended  more  sensitively  on  the  total  fluencc  than  be^ 
density.  While  some  variation  of  resistances  of  the  conducting 
layer  was  observed  for  different  implant  cur 
rents,  no  blbtcring  of  bubble  formation  occurred  under  these 
conditions. 


PB  54  Sputtering  Yield  of  Cobalt  by  Argon  and  Xenon 
Tons  with  Energlo.*;  fron  50  to  SOOeV*.  A.  K.  Handoo, 

P.  K.  Ray,  Tuskegee  University. —  Sputtering  yields  of 
cobalt  by  argon  and  xenon  ions  with  energies  froa  SO  to 
500  cV  arc  reported.  The  Ion  beans,  having  a  current 
density  ranging  froa  0.015  to  0.1  c?A/ca^  at  an  operat¬ 
ing  pressure. of  2xl0~5  Torr,  are -produced  by  a  low- 
energy  Ion  gun.  A  radioactive  tracer  technique  has 
been  used  for  the  quantitative  neasurecent  of  the  sput¬ 
tering  yield  of  vthc  target  caterial  electroplated  on  a 
copper  substrate. 

*  Supported  by  NASA  Grant  NAG8-020 


PB  55  The  Advanced  Light  Source  at  LBL 

A.  L  KCBittSOti,  Lawrence  Berkeley  Laboratory,  Berkeley,  CA. 

See  Session  Number:  FA9 


PB56  Flash  X-ray  Sources  Powered  by  Blumlein 
Pulse  Generators 

F.  DAVANLOO,  Center  for  Quantum  Electronics, 
University  of  Texas  at  Dallas,  Richardson,  TX. 

See  Session  Number:  IE5 


PB57  Evaporated  and  Implanted  Reference  Layers 
for  Calibration  in  Ion  Beam  Analysis. 

U.  WATJEM,  CEC-JRC,  Central  Bureau  for  Nuclear 
Measurements,  B-2440  Geel,  Belgium. 

See  Session  Numben  GDS 


PBS8  3  Hv  pelletron  Accelerator  at  IPAS. 

E.K.  LIN,  Academia  Sinica,  Nankang,  Taipei, 
Taiwan. 

See  Session  Number:  FD4 


POSTER  SESSION  PB':  Particle  Induced  X-Ray  Emission 
(PIXE),  Rutherford  Backscatteiing  and  Channeling  (RBS), 
Nuclear  Reaction  An^ysis,  Neutron  Actiretion  Analysis, 

Ion  Implantation,  Medical  Applications,  Accelerator 
Technology,  Targets,  Accelerator  Mass  Spectiometry, 
Detectors,  and  Spectrometers 
(The  Poster  Session  is  split  as  PB  and  PB'  for 
indexing  purposes  only.  This  is  all  one  session.) 

Thursday  afternoon,  8  November  1990 
University  Union  Building, 

Silver  Engle  Suites  A,  B,  and  C  at  14dl0 


PB  I  The  Alabaca  A8M  University.  Center  for  Irradlatlo 
of  Materials  Laboratories.  D  Ila,  L  R  Holland,  M 
Karisl.  and  C.  K.  JerJtins,  Center  for  Irradiation  o 
Materials  iClH).  Alabaaa  ASH  University.*  I  Dal  Ins 
HASA-Marshal  Space  Flight  Center.  Alahaea  --  The  CIH  a 
AAKU  has  ’oought  a  NEC  2  KV  5SDH-2^Pclletron  Acceleratjj 
This  systen  produces  4  (H  )  aixl  6  Hev  (He 

particles.  H  ,  H~.  if*.  He  .  and  He  In  various  cixirglc 
arc  available  for  irradiation  dasage  studies,  RBS 
Channeling  analysis,  and  KRA.  The  CIM  also  has  a  25K  Curl 
Cac=a-Cell.  ifftt  unit,  and  a  TPD  unit.  The  Pclletran  Is  i 
a  self  contained,  2500  square  foot  laboratory.  The  LESD 
TPD,  and  Cas=a-Ccll  occupy  650  square  foot  m  a  ncarb 
laboratory.  This  accelerator  will  be  upgraded  by  the  en 
of  1990  with  a  SfllCS-II  sputter  Ion  source,  large 
analyzing  eagnet,  and  a  HeV  ion  icplantation  station.  A 
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present  we  have  a  fuiiy  aulooated  RC43-RBS  end  slallun 
with  Channeling  capiblllty  which  will  be  upgraded  for  PIXE 
analysis.  Results  of  the  test  runs  on  the  current 
configuration  will  be  presented,  as  well  as  the  plans  for 
the  upgrades.  If  available,  results  of  the  upgraded 
capabilities  will  be  presented. 

•  Supported  by  H/SA-HAG8-115,  HSF-BIHI,  and  AAKU 

.PB'2 

THE  DETERMINATIO.N  OF  OXYGEN 
DISTRIBUTION  IN  BURIED  SIUICON  OXIDE 
UAYERS  BY  O'^ta.alO'*  RESONANT  NUCUEAR 
SCATTERING.  H-.S.llN.  D.Yan.  Depanment  of  Ph>sici. 

BrookI>-n  College  of  CUNY.  Brooklyn.  NY  11210.  T.  M.UU. 

Cenici  fur  Incegraied  E!ev.ironii.^.  Rensselaer  Pul>rc,.hr;.,. 

Instiiuie.  Troy.  NY  12181. 

The  oxgen  disiribuiton  in  silicon  on  insulator  (S01>  maienals 
fonned  by  oxygen  ion  implantation  has  been  measured  using 
0’®(a,a)0'*  resonant  nuclear  scattering  at  £^=3.045  MeV. 

The  sample  was  prepared  using  an  oxygen  ion  energy  of  200 
KeV  and  a  dose  of  i^lO*’  lons/cm-.  The  substrate  temperature 
dunng  the  implantation  was  200®C  aiid  the  sample  was  post 
annealed  at  700°C  for  0.5  hour  and  1 100°C  for  1  hour.  The 
measured  distnbution  was  found  to  have  three  distinct  regions; 
two  connecting  regions  where  the  ratios  between  the  atomic 
densities  of  oxygen  and  silicon  were  quantitatively  measured 
and  found  to  be  considerably  lower  than  that  of  silicon 
dioxide:  and  a  sepa.'ate  thin  layer  in  front  of  them,  which  is 
not  observable  in  the  measurements  using  Rutherford 
Backscattering  Spectrometry.  The  results  indicate  that  both 
the  sensitivity  to  oxygen  and  the  depth  resolution  have  been 
improved.The  resonant  scattering  has  also  been  used  to  study 
the  energy  straggling  of  helium  ions.  An  expression  for  the 
energy  straggling  as  a  function  of  the  incident  energy  is 
proposed  and  is  found  to  fit  the  measured  results  well. 

Panially  supported  by  PSC-CUNY  Research  Award  #6-69375. 

PB'3 

Tto  XDpXcjtVyi  or  to  Iryi  Bea-n  IrNyyaornr.  DX.  ASsen  zM  R.R. 

T»Ta«;  AXM  tliwofsitv-  Various  orieitalions  ol  imdoped  sinsie-oystal  siScon 
ezaesned  Irom  the  stanCposre  o(  (hes  suTabSty  tor  Maslced  ion  Beara  lAhography  (M 
The  resoi;eion  ol  Mi3l.  usug  channeing  raemtiranes  cepenos  OrecHy  on  the  anxiu 
scattering  in  the  oriented  raerattrane.  The  angular  cEstiSxitions  ol  pratons  transti 
through  thin  (<  1 .0  rr^crens)  ^icon  aysrats  along  ptirnary  axes  and  pl3.nes  w9  be  iSscu! 
HaS-angies  were  measured  in  the  energy  range  ot  80  to  180  keV.  In  pan'cuiar 
aomuthal  vartaU»i  in  hal-a.n^e  which  leads  to  a  sigrxticanl  aiirruthal  variaSon  in  resol 
wa  be  discussed.  Meast:r«mec!s  show  Ural  ihajcr  pla.nes  have  Ua.ns.'rSted  hatl  ar 
signAcantly  less  than  major  axes  but  may  sjHer  trom  a  la.'gei  ra.'iato.n  amudwly  Te 
the  eKect  on  the  traiumSted  haS-an^  ot  a  s^ht  misaSgnment  cl  the  crystal  veit 
incidehi  beam  v«a  be  ^seussed. 

PB'4  .'>j»  rs  Orxyrr^ 

K  n  .«;FAfLCHa.-viB  aHABt  T»Ta<X.SMirrrr*tT?v-.Theot3aueU3ne8asee«Ssatger 
in  high-purity  unOoped.  semi-insulaiing  CiochralsU-grown  GaAs  due  to  nesSron 
warsnxaucrt  dopng  has  bttn  ovesugareo  by  scigre  ano  doxss  aSgxiwrx  RuPsckxd 
bacicscatlenng  and  ctianneeng  measuremerss  ol  120-kev  protons  node."  on  <100> 
GaXs.  GaAs  sa-mptes  were  irra^edior  100  arxl  300  hours  wih  a  Ihe.'maineubsn  Oat 
Oertsiy  ol appcoixsa:^  iJi‘  ■a*'’ivao?sec^aras>neussntbxdensryoiabnit4Sx 
<C'2  nrem^-sec.  The  measured  resxkiaiiaSceiSsoidera^MdreassnablywtSwCh  the 
preAted  (Ssplacemera  concerxrabsns  ^  was  observed  10  be  appraisatety  unsorni  10  a 
depmeIZOCOA  msbrisochioRala.'neaingoilheGaAssampSeswShouianencapsuta.'X 
-'as  pedormed  lor  30  .v«xes  al  lerrperaiures  tip  lo  5S0*C.  The  siigse-  a.Td 
as^vnent  spectra  lor  ihe  reuironHir^attd  GaAs  sa.mp!ts  whch  were  an-neaied  Isr  33 
maxes  al  5S0%  maiched  the  speoba  obuned  trom  a  ncrwradiated  sampre  wthn  the  8% 
error  aruibuiabie  to  reprodUeboty.  The  acthrabon  energy  lor  ia»ce  recovery  ol  GaAs 


samples  mad-aico  itH  30C  hours  was  estimated  lo  be  0  80  ev  lot  anneaing  ietrx»>3tures 
below  3S0’C.  for  annealing  leir^ratures  above  350'C.  the  observed  results  were 
consistert  with  a  pubTshed  activation  energy  cl  0.3  eV.  Finaay.  the  average  iximber  ol 
displacements  produced  by  120-keV  protons  incident  along  Uie  <1C0>  aSgned  (Erection 
and  random^ivaiert  (£rec£on  in  GaAs  were  deteimLned. 


PB'.**  The  Study  of  Kaonetic  Hyperfiite  Interaction 
of  Rare-Earth  Inolanted  in  Iron  bv  Low 
Tenperature  nuclear  Orientation.  P.M.  WALKER,  A. 
BHAGWAT,  B.D.D.  SIHGLETOH,  Departnent  of  Physics, 
University  of  Surrey.  Guildforri  G02  5XH.  J. 
RIKOVSKA,  H.J.  STOHE,  Clarendon  Laboratory.  Parks 
Road.  Oxford  0X1  3PU.  and  I.S.  GRANT,  Schuster 
laboratory.  University  of  Kanchester.  Manchester 

H13  9PL. -  A  versatile  lOOkV  isotope  separator 

is  operational  at  UK  SERC's  Daresbury  laboratory. 
Ion  sources  suitable  for  inplantations  of  various 
radioactive  or  stable  isotopes  are  available. 
Extensive  nuclear  spectroscopic  studies  are  being 
carried  out  at  this  facility,  prinarily  by  low- 
tenperature  nuclear  orientation  (LTNO)  technique. 
Here,  radioactive  nuclei  laay  be  inplanted  into  a 
polycrystalline  Fe  target  held  below  lOnK  by  a 
*He/‘He  dilution  refrigerator.  Because  of  the 
presence  of  hyperfine  interaction  (hfi)  between 
the  inplanted  nucleus  (with  nagnetic  nonent  ji) 
and  the  local  field  (polarised  in  an  external 
field  LTNO  experinents  also  give 
atonic  infomation  such  as  the  substitutional 
fraction  of  the  inplanted  inpurity.  Nuclear 
orientation  is  neasured  by  the  angular 
distribution  (anisotropy)  of  the  Y-rays  enitted 
by  the  unstable  nuclei  with  respect  to  the 
direction  of  B^j.  The  tenperature  dependence  of 
the  anisotropy  is  related  to  the  hyperfine 
interaction  strength  (M^,)  and  the  fraction  in 
"good  sites".  More  detailed  infomation  about 
the  distribution  of  inplanted  atoss  can  be 
obtained  by  nuclear  nagnetic  resonance  of 
oriented  nuclei  (NMR/ON) . 


PB'6  Effects  of  Rapid,  High-dose,  Elevated 
Tenperature  Ion  Inplantation  on  the 
Microstructure  and  Tribology  of  Ferrous  Surfaces . 
D.L.  WILLIAMSON,  Dept,  of  Physics,  Colorado 
School  of  Mines,  Golden,  CO,  USA. 

See  Session  Numben  CC4 


PBT  Hxqh  Energy  Oxygen  Ion  Irradiation 

Effects  on  Kich-T;  Superconducting  Filers.  K  Oura 
,H.Ohnishi,F.Shoji.  Faculty  of  Engineering, 

Osaka  University. - The  effect  of  oxygen  ion 

inplantation  into  thin  filiss  of  the 
superconductor  YBsjCujOr  have  been  studied. 
Specinens  were  YBaaCujOx  filers  of  320  na 
thickness, which  were  grown  epitaxially  on 
Kg0(100}  substrates  by  sputtering  laethod.  Using 
0.5  and  1.0  KeV  oxygen  ions, the  superconducting 
transition  tenperature, the  change  in  rooa 
tenperature  electrical  properties  fren 
conducting  to  insulating, and  the  crystalline  to 
asorphous  strarctural  transition  in  the  files 
were  studied  as  a  function  of  ion  dose  in  the 
range  of  1x10''*'  -  4x10’*^  lons/ca  .  Konte  Cairo 
sinulation  of  ioplantation  and  dasage  fomation 
has  been  also  perfomed. 

PS'S  Fluorine  displacenents  In  NdF^filrs 
arcon  isa  irradiation. A.  Oliver,  J.  Miranda  and 
Andrade . Instituto  de  Fisica.  UNAH.  Mexico ■ — T 
fluuiinc  dlsplacene.its  In  KdF^  filns  under  atg 
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ion  xr  radiation  at  300  keV  is  studied.  T. 
fluorine  and  neodyniun  deph  profiles  of  SdF^  fill 
evaporated  on  carbon  thick  substrates 
detenained  with  R3S  spectra  of  2  KeV  '‘He*  ion 
The  d..splaceBent  detertixnatxon  of  the  fluorj.ne 
coaplesented  with  the  ‘’F(p,or)‘*0  nude 
resonance  at  340  Ke<f.  tne  excxration  curve  f 
this  resonance  suggests  an  accunulation 
fluorine  atoas  at  greater  depths.  The  relati 
disple'''iBents  between  the  neodyoiua  and  fluorL 
atOBs  lue  to  the  argon  bosbardsent  is  al 
calculated  with  the  TRIM  code. 

PB'9 

Efficiency  and  Radiation  Hardness  of  Phosphors 
in  a  Proton  Bean.  L.R.  Holland,  G.  H.  Jenkins, 
Alabana  ASH  U. .  J.H.  Fisher,  H.A.  Holleman, 
Hichols  Research  Com.* — A  new  systen  has  beer 
used  to  ceasure  the  relative  peak  efficiency  anc 
radiation  dasage  endurance  of  several  phosphor  - 
binder  coBbi nations  on  aluainuB  substrates.  The 
phosphors  tested  are  Gd209S  doped  with  Pr,  Tb, 
and  Eu;  ^2^2^  doped  with  Tb  and  Eu;  "TAG"  doped 
with  Ce;  and  ZnS  doped  with  Ag.  The  binders  usee 
are  a  polysiloxane  resin  and  sodiua  silicate. 
Binder  with  suspended  phosphor  was  sprayed  or 
the  heated  substrates.  Tests  were  done  in  a  3KeV 
proton  bean  at  the  Lowell  University  Van  de 
Graaff  accelerator.  The  aluninun  substrates  are 
fomed  as  rotatable  turrets  to  facilitate  sasplc 
changes.  Light  neasurenent  was  by  seans  of  a 
silicon  photodiode  with  no  optical  filter  except 
a  glass  window.  Ce  doped  "YAG"  shows  the  best 
radiation  hardness,  while  Y202S:Eu  snows  the 
highest  fluorescence  efficiency. 

‘Supported  by  USA/SOC  contract  #DASG60-89-0127 


PB'IO  A  Comoarative  Studv  of  Damage  AccumoUttoa  ia  GaAs. 
Ge.  end  Si  During  Ion  Implantation.*  T  E.  HA'VNES  and  0  W 
HOLLAND,  Oak  Ridgciiational  Laberatory.  Oak  Rjdgc.  TN  — 
The  damage  produced  in  GaAs,  Ge,  and  Si  by  implantation  of 
iOO  keV  Si*  has  been  measured  as  a  function  of  fiuence,  implan¬ 
tation  rate,  and  temperature  using  ion  channeling.  One  universal 
feature  is  the  characteristic  simoidal  shape  of  the  curve  of  damage 
vs.  fluence,  which  may  be  in£cative  of  common  stages  in  damage 
development.  Important  differences  have  also  been  observed.  At 
room  temperature,  damege  production  in  Si  was  characterized  by 
a  low  damage  efndenqr  (c  s;  0.1  defects  per  atomic  displacement) 
which  was  somewhat  dependent  on  implantation  rate  (<  oc  J*^). 
This  contrasts  with  Ge,  where  <  was  more  than  an  order  of  magni¬ 
tude  greater  (<  a  2.3)  and  was  not  sensitive  to  implantation  rate. 
Moreover,  in  GaAs,  where  the  collision  kinematics  are  essentially 
identical  to  Ge,  t  was  much  smaller  (0.1  <  c  <  0.7)  and  was  also 
stron^y  rate-dependent  (coe  J^).  In  addition,  the  traperature  for 
the  transition  from  large  to  small  c  was  found  to  be  well-defined  in 
both  Ge  (-i-I40*C)  and  GaAs  _(-10*C)  as  compared  with  the  much 
broader  transition  in  Si.  Implications  of  these  similarities  and  dif¬ 
ferences  for  a  comprehensive  description  of  implantation  damage  in 
semiconductors  will  be  discussed. 

'  Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 

Department  of  Energy  under  contract  DE  AC05.&4OR2U00  with 

Martin  Marietta  Energy  Systems,  Inc. 


PB"!!  The  Influence  of  the  Process  Hode  of  Ion  Seas  As¬ 
sisted  Deposition  on  Oxycer.  Icmurities  In  Titanlusnitrt- 
de  Files  W.EHSLS'SES,  Phys.Chea.lnst. ,  Univ.  Heidelberg 
Evaporation  of  a  fila  ccabined  with  bcsbarifaent  Kith 
highly  energetic  ions  froa  an  ion  source  (ion  beaa  as  - 
sisted  deposition'  is  performed  in  tm  ways:  one  is  the 
dynaaic  code  where  the  condensing  ftls  is  irradiated  si- 


cailtaneously,  the  other  one  is  the  sequential  oode  where 
a  thin  fila  is  altematingly  deposited  and  b^^rded 
with  ions.  Up  to  now  these  two  process  nudes  have  not 
been  differentiated  and  no  differences  in  the  coating 
properties  have  been  reported.  In  this  work  the  oxygen 
incorporation  of  titaniusnitride  f^las  obtained  by  eva¬ 
poration  of  titaniua  and  bosibar&sent  with  nitrogen  ions 
of  an  energy  of  18  keV  was  investigated  with  Auger  elec¬ 
tron  spectroscopy  in  dependence  of  the  two  process  codes. 
Titaniua  is  very  reactive  towards  water  and  oxygen  in 
the  residual  gas  and  easily  incor^rates  it.Ionboabard- 
aent  strongly  reduces  this  contaaination.  The  results 
show  that  the  dynaaic  process  generally  leads  to  lower 
oxidation  than  the  sequential  saode. 


PB'12  Hon-contaccing  Position  Heasureaent  of 
Continuous  (dc)  Ion  Be^.  W.  J.  S2AJNOWSKI.  Univ 
Surrey.  U.  K.  -  The  electromagnetic  induction 
phenonenon  and  stochastic  characteristics  of  a 
continuous  (dc)  ion  beam  have  been  exploited  to 
develop  a  non-contacting  beam  position  monitor. 
The  desired  information  about  the  beeun  position 
is  extracted  from  random  signals  induced  by  an 
ion  be2us  on  suitably  shaped  metal  electrodes. 

The  statistical  properties  of  induced  signals 
are  discussed  in  terms  of  their  power  spectral 
densities,  probability  density  functions,  and 
effective  signal-to-noise  ratios.  Results  of 
experiments  performed  with  various  ion  beams 
generated  by  a  Freeman  ion  source  are  presented. 
The  tests  carried  out  on  an  ion  impliuiter  have 
shown  that  the  monitor  is  capable  of  tracking 
the  position  of  an  ion  beam  scanned  linearly  at 
frequencies  up  to  1000  Hz.  over  a  7  cm  x  7  cm 
aperture.  The  position  monitor  does  not 
interfere  with  an  ion  beaa  and  can  be  used  in  an 
active  closed-loop  system  to  stabilize  the  beaa 
position  or  to  obtain  an  optimum  beaa  scan 
pattern. 


PB'U  Qffea  Analysis  of  Ihe  Suagfconduct»ng  Skarace  Rina 
•&jQ»f-ALiS-.  M.NA!CMIMA.K.YAMADA.J.NA.<CATA.T,H0S0KAWA. 
NTT  LSI  Lahr.  ~  A  compact  Storage  ring  derScaled  to  X-ray 
SSiogiaphy  has  been  devetoped*.  Superconducting  becwSng  magnets 
and  a  krw-energy  (15  MeV)  injection  scheme  were  adopted  to  reduce 
the  size  a-'d  Uie  cost  of  the  R>al  system.  We  selected  inon-yoice^ype 
sigierconducting  magnets  (max.  3T)  hi  order  to  secure  a  wHe  good 
Geld  region  at  the  Injec^i  energy  and  to  reckice  the  maximum  field 
suength  a;  the  superconducting  co3.  To  examine  the  effects  of  ttie 
fringing  Geld  end  non-Gnear  Geki  of  the  superconduct^  magnets 
(e^edelfy  above  15  T  where  the  too  yokes  become  s^ssaJed),  we 
have  developed  a.T  orbit  analysis  code  wtach  ir^egrates  die  equa^  of 
motion  numerically  to  derive  an  etectron  trajectory.  The  fieUS 
dfsir&ution  of  the  bendihg  magnets  was  es&nated  by  the  three- 
rSmensional  finiie-e!e>neni  method.  As  a  result  of  the  anafy^  we 
derfred  simile  system  conrStions.  V/e  have  succeeded  sn  acc^etaiang 
and  storing  more  than  100  mA  at  the  final  epetatiro  energy  (600 
MeV). 

1)  T.  KOSOXAV/A.  el  aU  Rev.  Sd.  Inslr,  VoL  60. 1779  (1S39). 


PB'14  A  High  Stability  Accelerator  for  Ion  Beaa 
Diagnostics  in  a  Tokasak. 

J.B.  SCHROEOER,  national  Electrostatics 
Corporation,  Middleton,  KX,  USA. 

See  Session  Number:  HBS 


Pfi^iS  1b«  ISU  Gteesn  Sung*  >Sag  CoiXnl  Sy^ws.  B. W. ReMwea  R. 

U93.K.Uxt£S.P.UHntT.B.Ks.A.Zb^  e:iei«e»OMs5en.to»tfLieoqaaSw.»ac. 
COS  CcOW  Awl.  rsOKal  CA  srest. 

lb*  eceatl  STStes  btilas  ts9  a  cotnw  ew  tSU  tkrt  S«as*  b  tmeO  ea  t  nodJW 
0»»gn  xrf  a  gnoc  teSiiv  tnB  xUnOxO  tisviv  jw  bxOMn  aed  scQonu  C  b 
etsoetc  »  rxasM  lu  pJck  aeo  axx  aBectra  Otaftattsaes.  masa  cf  eimaBi  Oslng 
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oonimlsslonlng,  (|Ulck  convnUilonlng  through  the  us«  ol  model  soppor.  and  venftoaticn 
aolMrare,  eaae  cl  expanalon  to  Interface  with  optical  beam  Dnea,  ihe  layering  ol  automated 
aequences  and  fault  recoveiy,  and  ease  ol  adaptation  to  new  technology. 

The  system  la  bu9t  around  a  standard,  commerdalty  supplied,  dstrfbuted,  online  database 
from  Vista  Cor.lroi  Systems.  A  Vaxstallon  Is  the  operator  interface.  The  Vaxstafon,  a 
mIcroVAX,  and  a  VMS  crate  are  the  processors  and  are  linked  through  Ethemel  Standard 
system  communicalions  software  links  portions  of  the  database  on  dUferent  prccessors 
automatically  CAMAC,  VMS,  and  Aten-Bradley  Input-output  standards  and  PLCs  are  used. 
Almost  all  Iriput-output  modules  are  also  commercially  supplied.  All  processors  use  standard, 
commerdat  oporall^  systems. 

The  basic  control  system  haa  been  operating  since  May,  1990.  Subsystem  controls  are  M 
be  complete  by  early  1991,  System  design  philosophy,  system  architecture,  status,  and  fui>/rs 
plans  are  (fscu.<sed. 


PB’l6  fln  RF  Plasma  Source  for  ly-  and  D-  Ions.  R  tfcAidams, 

A  Cf  T  Bolioes,  L  M  Lea,  M  Thomton  M  Inman,  and  J  3tnith. 
AEA  Industrial  Technology,  Culham  Laboratory,  Abingcto, 
Oxon,  0X14  3>B,  England,  (EuratcWuKaEA  Fusion  Assoclatioi 
^ —  it)e  developnent  of  sur  RF  induction  source  for  D»  and  c 
Ions  Is  described.  Ibe  source  is  a  large  55  x  33  x  20  aih 
source  with  magnetic  multipole  confinement.  Sane  of  the 
magnets  are  arranged  to  give  the  magnetic  field 
distribution  to  create  a  tenperature  gradient  in  the 
source  necessary  for  preferential  production  of  negative 
ions.  Ihe  HF  system  consists  of  a  50  kW,  2MHz 
oscillator,  and  a  matching  unit  to  couple  the  power 
efficiently  to  an  internal  antenna.  The  source  and 
its  derivatives  have  applications  in  fusion,  particle 
accelerators  and  plasma  processing. 

PB'l7 

Synchrotron  Radiation  Tonogranhy  Studies  of  the  Phase 
TVansition  in  LaGnOa  Crystals.  »fG.-D.  YAO  and  M.  DUDLEY, 
Dept,  of  Material.s  Science  fc  Engincoring.  State  l.V'versity  of 
New  York  at  Stony  Brook.  NY  11794.  An  inyestigation  of  the 
orthorhonbic  to  rhombohedral  phase  transformation  occurring  at 
in  lantheinum  gallate  has  been  conducted  using  white  beam 
synchrotron  x-ray  topography  (WBSXRT).  The  existence  of  this 
first  order  transition  was  confirmed  by  differential  thermal  analy¬ 
sis  (DTA)  and  x-ray  diffractometer  analysis.  During  obseryation, 
synchrotron  white  beam  Laue  patterns  were  recorded  in  situ  as 
a  function  of  temperature.  Before  the  ciystal  was  taken  through 
the  transition,  (112)or(ii  type  reflection  twinning  was  found  to 
be  dominant  although  a  small  amount  of  (110)or<A  type  twinning 
was  also  obseryed  in  the  same  crystal.  Howeyer,  beyond  the  tran¬ 
sition  point,  not  only  did  the  structural  change  become  eyident 
but  also  twinning  on  (llO)rAom  planes  was  obseryed.  This  kind  of 
twinning  is  on  a  scale  which  becomes  finer  as  the  temperature  is 
increased  beyond  the  transition  temperature.  Also  this  twinning 
giyes  rise  to  deformation  of  (011)ri,om  surface  plane  which  creates 
problems  for  the  potental  use  of  this  material  as  a  substrate  for 
superconducting  epilayers. 

♦Topography  conducted  at  the  Stony  Brook  Synchrotron  Topog¬ 
raphy  Station  on  Beamline  X-19C  at  the  NSLS  which  is  supported 
by  DOB  under  contract  #  DE-FGO284ER45098. 
fResearcli  Supported  in  part  by  the  Donors  of  the  Petroleum  Re¬ 
search  P\ind  which  is  administered  by  the  American  Chemical 
Society  (MD). 

PB'18 

Application  of  White  Beam  Synchrotron  Radiation  Tonog 
raphy  to  the  Analysis  of  Twins. ♦IG.-D.  YAO,  S.Y.  '^OU  and  M. 
DUDLEY,  State  Uniyersity  of  New  York  at  Stony  crook.  Wh¬ 
ite  becim  synchrotron  X-ray  topography  (WBSXRT)  has  been 
used  to  characterize  room  temperature  twinning  structures  in 
lanthanum  gallate  and  p-terphenyl  single  crystals.  Both  Laue 
and  Bragg  geometries  are  utilized  to  reyeal  the  nature  of  twin¬ 
ning  in  LaGaOs-  WBSXRT  conducted  on  a  (110)or<A  surface  lan¬ 
thanum  gaillatc  crystal  indicated  the  presence  of  reflection  twins 
on  (ll2)oriA,  (ll2)orth,  {U -)orth  and  {112)orth  planes.  The  ge¬ 
ometric  relationships  between  the  twin  domains  and  the  direc¬ 
tions  of  corresponding  diffracted  beams  are  clearly  established. 
The  calculated  and  measured  yalues  of  domain  image  shifts  on 
topographs  due  to  the  twins  are  giyen.  Also  des.  .'ibed  is  the  ap¬ 


plication  of  WBSXRT  to  reyeal  the  twin  law  in  the  solution  grown 
organ  *  crystal  p-terphenyl.  The  actiye  twin  plane  was  unambigu¬ 
ously  determined  to  be  (201)mono  plane  by  determination  of  the 
orientation  relationship  between  parent  and  twinned  structures 
through  Laue  pattern  analysis.  For  both  materials,  no  radiation 
damage  was  obseryed  throughout  the  experiments.  These  results 
demonstrate  the  usefulness  of  WBSXRT  for  the  study  of  twins. 
♦Topography  conducted  at  the  Stony  Brook  Synchrotron  Topog¬ 
raphy  Station  on  Beamline  X-19C  at  the  NSLS  whicli  is  supported 
by  DOB  under  contract  #  DE-FGO284ER45098, 
fResearch  Supported  in  part  by  the  Donors  of  the  Petroleum  Re¬ 
search  Fbnd  which  is  administered  by  the  American  Chemical 
Society  (MD). 


PB'19  Computer  Automated  Goniometer  for  Ion  Beam 
Channeling.  P.  Y.  VanStaagen,  J.  R.  Williams  and  P.  A. 
Barnes,  Auburn  U.  --  A  Custom  Goniometer  Systems  Model 
TPV  goniometer  has  been  automated  for  ion  channeling 
experiments  using  an  IBM-AT  personal  computer,  a  Galil 
motion  control  system  and  a  Nucleus  PCA-8000  multi¬ 
channel  analyzer  board.  The  system  software  has  been 
written  specifically  for  channeling  experiments 
conducted  in  our  laboratory;  however,  the  software  is 
generally  applicable  for  other  RBS  experiments.  Features  ' 
of  the  system  include  coarse  and  fine  scan  capabilities 
for  the  location  of  planar  minima,  an  automatic  channel 
location  routitie  and  good  graphics  output  support.  The  r< 
of  calibration  measurements  with  this  system  will  be 
presented  and  compared  with  the  predictions  of  channeling 
theory. 

♦Work  supported  by  the  SDIO  Office  of  Innovative  Science 
and  Technology  through  Contract  #  DNA001-85-C-0183.. 


PB'20  Description  of  the  Argonne  National 
Laboratory  Target  Making  Facility*  GEORgFe.  THOMAS 
and  JOHN  P.  GREENE,  Argonne  National  Laboratory. 
Physics  Division.  9700  S.  Cass  Avenue.  Argonne.  IL 
60439  USA.  A  description  is  given  of  some  recent 
developments  in  the  target  facility  at  Argonne 
National  Laboratory.  Highlights  include  equipment 
upgrades  which  enable  us  to  provide  enhanced 
capabilities  for  support  of  the  Argonne  Heavy-Ion 
ATLAS  .Accelerator  Program.  Work  currently  in  progress 
is  described  and  future  prospects  discussed. 

*This  work  was  supported  by  the  U.S.  Department  of 
Energy,  Nuclear  Physics  Division,  under  contract  No. 
W-31-109-EitC-3S. 


PB'21  Design  of  10  T  Superconducting  Higgler  for  An¬ 
giography.  S.  SUGIYAMA,  T.  TOHI.MASU.  T.  VaMAZAKI.  H. 
OHGAKi.  H.  ONUXI,  M.  MIKADO,  K.  YAMADA.  M.  CHIITAXI.  K. 
SUZUKI,  M.  KOIKE,  Electrotechnical  laboratory,  and  T. 
KEISHI,  Y.  HOSODA,  Suaitoao  Electric  Industries. —  The 
developient  of  a  10  T  superconducting  vlggler-  for  angiog¬ 
raphy  is  in  progress  at  300  MeV  electron  storage  ring 
TERAS  ■  in  Electrotccnlcal  Laboratory.  PreliBlnary 
design  of  the  tiggier  has  been  carried  out.  The  lagnet 
structure  consists  of  a  gain  lagnet  tith  noainal  fieid 
strength  of  10  T,.and  tio  auxiliary  aagnets  operated  at 
5.6  T.  The  coils  are  racetrack  shaped  vith  a  cross  sec¬ 
tions  of  260  iR  high  and  190  rr  fide.  The  distance  be¬ 
tween  the  Rain  and  auxiliary  Ragnets  and  the  size  of  the 
Ragnetic  gap  are  230  rr  and  30  rr  .respectively.  The 
naxlauR  horizontal  displacenent  peaks  at  5.0  rr  at  the 
point  where  the  nagnetic  field  reachs  10  T.  The  three- 
pole  superconducting  horizontal  wiggler  operated  on  the 
800  MeV  storage  ring  provides  synchrotron  radiation  with 
a  critical  energy  of  4. 3kcV.  For  a  current  of  300  rA. 
the  central  brilliance  at  36.6  keV  is  conputed  to  be 
1.  46x10*®  photons  /  sec  arad^  0.1*  bandwidth. 
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P3'22  Computer  automation  of  a  small  Tandem  controls. 
G.SPADACCINI,  F.TERRASI,  M.VIGILANTE,  L.CAMPAJOLA, 
B  CORTESE,  Dip.Scienze  F>iche-Univ.  Napoli  (Italvl  — -  A 
distributed  system  based  on  intelligent  substations  and  a  central 
Macintosh  II  console  has  been  designed  to  perform  automatic 
monitoring  and  control  of  the  HVEC  Model  Trr-3  Tandem  of  our 
University.  Each  substation  is  a  crate  containing  a  G-M  bus,  a  6809 
CPU  and  several  specific  interfaces  connected  to  various  accelerator 
devices  (e.g.  vacuum  meters,  valve  -,  quanz-  and  faraday  cup  acmators, 
magnet  supplies  and  related  field  meters  and  so  on).  Communications 
between  peripheric  stations  and  centrale  console  are  supported  by  a  low 
cost  optical  link.  All  interfaces  are  commercial  ones,  except  a  few 
designed  for  the  purpose,  particularly  an  ADC  board  which  performs  in 
hardware  a  conversion  of  the  digiuzol  data  m  absolute  value  according 
to  a  previously  stored  table.  Modular  software  has  been  developped  to 
obtain  user  friendly  system  interaction,  taking  advantage  of  the  graphic 
interface  of  the  Macintosh. 

PB'23 

E.mil.3iruvlULt _ iUi-jics _ of  Low  BnerEt-  Ion  Beams  • 

K  Saiidatmand,  J  D  Sohneider  C  Geisik  &  R  R  Stevens,  Jr .  l.ns 
Alamos  Nalion.il  Laboratory  The  ion  beam  structure  at  various  axial 
positions  along  the  beam  transport  line  has  been  monitored  and 
studied  utilizing  a  fluor  screen  and  a  video  camera  Fluor  material  is 
aluminum  oxide  that  is  plasma  jet-sprayed  onto  the  surface  of  an 
aluminum  or  a  water-cooled  copper  substrate.  The  visual 
representation  of  the  beam  structure  is  digitized  and  enhanced 
through  use  ot  false-color  coding  and  displayed  on  the  TV  monilor 
for  ihe  on-line  viewing  of  ihe  cxpcrimenialisi.  Digitized  infurmaiiun 
IS  also  stored  for  farther  off-line  processing  and  extracting  more 
inloimaiion  about  the  beam  such  as  beam  profiles.  This  inexpensive 
and  cffeclive  diagnosiic  enables  ihe  cxpcrimenialisi  in  obscivc  in 
teal  time  the  beam  response  (such  as  evolution  of  the  beam 
structure,  shifts  in  the  beam  intensity  at  various  spatial  location 
within  the  beam  perimeter,  and  shifts  in  the  beam  center  and 
position)  to  parameter  changes.  Initial  operaticnal  results  will  be 
presented. 

•Work  lupixiitHl  snd  [undai  b>  ihe  Detanmeiii  of  Pefense,  US  Army  SirKepc  Defense  Cimmaml.  oniier 
the  auspices  of  ihe  Depanmcnl  of  Energy. 


PB'24  Success  with  an  Automated  Computer  Control 
System.*  M.  L.  ROBERTS,  T.  L.  MOORE,  UC/LLNL.— 
LLNL  has  successfully  implemented  a  distributed  com¬ 
puter  control  system  for  automated  operation  of  an  FN 
tandem  accelerator.  The  control  system  software  utilized 
is  the  Thaumaturgic  Automated  Control  Logic  (TACL) 
written  by  the  Continuous  Electron  Beam  Accelerator 
Facility  and  co-developed  with  LLNL.  Using  TACL,  accel¬ 
erator  components  are  controlled  through  CAMAC  using 
a  two-tiered  structure.  Analog  control  and  measurement 
are  at  10  or  16  bit  precision  as  appropriate.  Automated 
operation  has  been  implemented  for  several  nuclear  ana¬ 
lytical  techniques  including  hydrogen  depth  profiling  and 
accelerator  mass  spectrometry.  An  additional  advantage 
of  TACL  lies  in  its  expansion  capabilities.  Without  dis¬ 
turbing  existing  control  definitions  and  algorithms,  addi¬ 
tional  control  algorithms  and  display  functions  can  be 
implemented  quickly.  Details  of  tlie  control  system  and 
its  capabilities  will  be  presented. 

‘This  work  w<is  performed  under  the  auspices  of  the  U  S.  Department 
of  Energy  at  the  Lawrence  Livermore  National  Laboratory  under 
contract  W-7405-Eng-48. 


PB'25  Performanne  study  of  superconducting  bending 
magnets  with  iron  In  a  oomoact  synchrotron  light 
source,  B.  KREVET,  H.O.  MOSER,  Kernrorschungszentrum 
Karlsruhe.  Germany  —  Superconducting  bending  magnets 
With  iron  have  found  widespread  use  in  existing  and 
planned  storage  rings.  Besides  the  contribution  to  the 
fieid  ampiitude  and  the  reduction  of  stray  field  the 
iron  can  also  Influence  the  focusing  and  the  nonlinear 
behaviour  of  a  magnet.  The  contribution  of  the  iron 


shield  will  depend  on  its  geometry  and  on  the  total 
field  level.  A  study  of  these  Influences  Is  not  only 
necessary  to  avoid  performance  constraints,  but  may  in 
addition  be  used  to  get  a  better  performance.  The 
results  presented  refer  to  a  conceptual  design  of  a 
compact  light  source  at  Karlsruhe  and  show  that 
properties  like  the  dynamic  aperture  can  be  improved 
through  the  choice  of  the  Iron  geometry,  in  particular 
at  lower  fields. 

PB'20  A  warning  sign  and  safety  interlock  .sv.stem  for  an  NEC  5SDH 
accelerator.  JAMES  R.  HUDDLE,  JEFF  VANHOY,  AND  F.D. 
CORRELL,  U.S,  Nava!  Academy,  Annapolis.  MD.— Safety  is  of 
utmost  concern  in  an  undergraduate  teaching  laboratory.  In  this  paper, 
we  describe  a  system  we  have  designed  and  assembled  which  is 
intended  to  protect  users  of  a  small  tandem  accelerator  from  serious 
exposure  to  ionizing  radiation.  This  goal  is  complicated  by  the  fact  that 
our  accelerator,  control  console,  and  data  acquisition  area  are  all 
contained  in  a  single  room.  In  our  system,  commercially -available 
gamma  and  neutron  monitors,  illuminated  warning  signs,  and  magnetic 
door  switches  are  combined  with  a  custom-built  interlock  chassis  and  a 
simple  modification  to  the  accelerators  chain  motor  power  contactor.  A 
key  switch  prevents  unauthorized  personnel  from  energizing  the  chain. 
Warning  signs  above  the  entrances  to  the  accelerator  room  indicate  one 
of  three  operating  conditions:  accelerator  off,  chain  power  on,  and 
radiation  warning  (radiation  levels  above  0.1  mR/hr).  If  radiation  levels 
in  the  room  exceed  2  mR/hr,  power  to  the  chain  motor  is  cut  off. 
Further,  chain  power  is  also  cut  off  when  an  accelerator  room  door  is 
opened,  unless  the  operator  deliberately  and  temporarily  overrides  the 
system  to  permit  authorized  entrance  or  exit 

PB'27 

5MV  30mA  Industrial  Electron  Beam  Processing  System. 
Y.Hoshi  NHV  America,  Westford,  Mass.  K.Mizusawa 
Nissin-High  Voltage,  Kyoto,  Japan. — -Industrial  eleotro:i 
beam  processing  systems  have  been  in  use  among  various 
application  fields  such  as  to  improve  heat  resistivity  of  wii-e 
insulation,  to  control  quality  of  automobile  rubber  tires  and 
melt  index  characteristics  of  PB  foams,  and  to  cure  paintings 
or  printing  inks.  Recently, there  comes  up  a  need  for 
electron  beam  with  energy  higher  than  3MV  in  order  to 
disinfect  salmonella  in  chicken  meat,  to  kill  bugs  in  fruits  or 
to  sterilize  medical  disposables.  To  meet  this  need  wo 
developed  a  5MV  30mA  electron  processing  system  with  a 
X-ray  conversion  target.  The  machine  was  tested  in  NHV’s 
plant  in  Kyoto  at  contiuous. operation  of  full  voltage  and  full 
current.  It  proved  very  steady  operation  with  high 
efficiency  as  much  as  72%.  Also,  the  X-ray  target  was  tested 
at  continuous  run  of  5MV  30mA(150kW)  and  proved  to  be 
viable  in  industrial  utilization.  This  paper  introduces  the 
process  and  the  results  of  the  development. 

PB'28  Evaporation  Techniques  for  Preparing  Rare- 
Earth  Targets”  JOHN  P.  GREENE  and  GEORGE  E.  THOMAS 
Argonne  National  Laboratory,  Physics  Division.  9700  S. 
Cass  Avenue.  Argonne,  IL  60A39  USA.  The  preparation 
techniques  for  producing  nuclear  targets  of  the  rare- 
earth  isotopes  depends  greatly  upon  the  physical 
properties  of  the  particular  rare-earth  element.  In 
most  cases  the  isotope  is  supplied  in  the  oxide  form 
which  then  requires  reduction  to  obtain  the  metal. 
Collection  efficiencies  will  be  discussed  as  this  is 
of  vital  importance  when  considering  the  price  and 
availability  of  the  Isotopic  material. 

*This  work  was  supported  by  the  U.S.  Department  of 
Energy,  Nuclear  Physics  Division,  under  contract  No. 
W-31-109-ENG-38. 


PB29  Interference  Effects  in  X-rav  Tran.qltion 
Radiation  with  a  500  HeV  Electron  Beam,  P. 
GOEDTKINDT,  CEC.  JRC.  CBNM  Geel  2440.  Belaiun,  X. 
ARTRU,  IPH-IiVon.  Villeurbanne,  France.  P.  DHEZ, 
T.URF.  and  LSAI.  Orsav.  France.  M.  JABLONKA, 
DPhH/STAS  -  CEH  Saclav.  France.  N.  HAENE,  F. 
POORTMANS,  SCK/CEN.  Mol  2400.  Belgium.  J.-M. 
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eALOME,  CEC.  JRC.  CBNM  Gael  2440.  Belgium,  and  L. 
WABTSKI ,  lEF  Lab.  CNRS ■  Orsav  F-91405. 
Measurements  of  multifoil  interference  effects  in 
Transition  Radiation  were  performed  at  the 
Acceleratear  Lineaira  de  Saclay  (ALS)  with 
electron  energies  between  400  and  575  MeV. 
Angular  distributions  of  radiation  produced  by- 
stacks  of  foils  of  various  thicknesses,  spacings 
and  materials  were  registered  by  means  of  a  PCD 
linear  image  sensor.  This  detector  is  sensitive 
in  the  1-10  keV  photon  range.  Stacks  of  up  to 
10  foils  of  kapton  (7.6  fim  thick),  mylar  (2.5  pm 
to  5  pm),  aluminium  (1.5  pm)  and  copper  (2.5  pm) 
were  investigated.  Spacings  from  115  pm  to  345 
pm  were  chosen  for  the  study  of  many  foil 
interference.  For  comparison,  the  incoherent 
superposition  was  measured  with  much  larger  foil 
spacing  (1.5  mm)  .  Despite  the  large  bandwidth  of 
the  detector,  clear  peaks  in  the  angular 
distribution  were  observed,  whose  positions 
varied  with  foil  spacing  and  electron  energy  in 
accordance  with  theory. ’  This  demonstrated  that 
multifoil  interference  can  be  important  in 
applications  such  as  microlrthography . 

PB'30  Improvements  on  the  Performance  and  Capa¬ 
bilities  of  a  2  MV  Van  de  Graaff  Accelerator. 

S.  FUELLING,  M.  BAILEY,  H.  ROl-THANN  and  R. 
BRUCH,  University  of  Nevada.  Reno.  —  The 
existing  2  HV  Van  de  Graaff  accelerator  has 
been  improved  for  high  resolution  absolute 
photon  and  electron  emission  cross  section 
measurements  following  ion-atom  and  ion- 
molecule  collisions.  Such  accurate  studies 
require  high  beam  currents,  typically  1-20 
pA,  small  beam  diameters  (d  <  1.5  mm)  and  long 
term  stability  of  the  machine  over  a  wide 
range  of  atomic  and  molecular  projectiles, 
charge  states  and  impact  energies.  We  present 
here  some  of  our  inexpensive  yet  very 
effective  designs  for  a  SF^  recycling  system 
with  a  nearly  complete  recovery,  terminal 
voltage  and  slit  controller,  magnetic 
guadrupole  doublet  lens  plus  electronic 
focussing  and  steering  unit,  various  high 
voltage  power  supplies  and  column  resistor 
replacements  as  well  as  a  gas  stripper  for  the 
production  of  multiply  charged  ions. 

*Work  supported  in  part  by  Hewlett  Packard, 
Xerox,  Lockheed,  Edwards  High  Vacuum,  MKS, 
Granville-Phillips  and  Bentley  Nevada  Corp. 


Application  of  RF  Superconductivity  to 
Linear  Accelerators  for  Hioh-Briahtness  Ion 
Beams.  J.R.  DELAYER,  C.L.  BOHN  and  C.T.  ROCHE, 
Araonne  National  Laboratory.  Engineering  Physics 
Division.  9700  south  Cass  Avenue.  Araonne.  IL 

60439.  USA. -  A  development  program  is  underway 

to  apply  rf  superconductivity  to  the  design  of 
continuous-wave  linear  accelerators  for  high¬ 
brightness  ion  beams.  The  key  issues  associated 
with  this  endeavor  have  been  delineated  in  an 
earlier  paper.’  Considerable  progress  has  been 
made  both  experimentally  and  theoretically  to 
resolve  a  number  of  these  issues.  Recent 
experiments  indicate  that  superconducting 
accelerating  structures  can  provide  higher  cw 
gradients  and  accelerate  higher  cw  currents  than 
is  possible  with  normal  conducting  structures. 
In  this  paper  we  summarise  this  progress.  We 
also  identify  current  and  future  work  in  the 
areas  of  accelerator  technology  and 
superconducting  materials  v/hich  will  confront  the 
remaining  issues  and/or  provide  added  capability 
to  the  technology. 

’j.R.  Delayen,  "Application  of  rf  Superconductors 
to  Linacs  for  High-Brightness  Proton  Beams", 


Proceedings  of  the  Tenth  International  Conference 
on  the  Application  of  Accelerators  in  Research 
and  Industry. 

PB  32  Initial  Operaiioti-of  a  New  Plasma  Source  Ion  Implanter. 

J.  R.  Conrad,  University  of  Wisconsin-Madison.-  We  report  the 
initial  results  of  a  new  Plasma  Source  Ion  Implantation'  (PSD)  device 
for  surface  modification  of  industrial  scale  components.  PSII  is  a 
non-line-of-sight  technique  for  surface  modification  of  materials 
which  is  optimized  for  ion  implantation  of  non-planar  targets.  In 
PSII,  targets  to  be  implanted  are  placed  directly  in  a  plasma  source 
chamber  and  are  then  pulse-biased  to  high  negative  voltage  (10-100 
kilovolts  in  our  experiments).  A  thick,  ion  matrix  sheath  forms 
around  the  target,  and  ions  accelerate  through  the  sheath  drop  and 
bombard  the  target  from  all  sides  simultaneously  without  the  neces¬ 
sity  of  target  manipulation.  The  system  has  a  cubical  vacuum 
chamber  with  an  inside  dimension  of  3o  inches,  substantially  larger 
than  the  original  PSII  chamber,  which  is  a  cylinder  18  inches  high 
and  14  inches  in  diameter.  Access  for  diagnostics  and  co-deposition 
sources  for  ion  beam  enhanced  deposition  and  ion  beam  mixing  is 
provided  by  four  8"  Conflat  flanges  and  38  Kwik-FIange  ports. 
Plasma  ia  generated  with  a  LaB^  cathode.  The  system,  which  oper¬ 
ates  under  microprocessor  control,  has  both  turbomolecular  and 
cryogenic  pumping  to  provide  shorter  pumpdown  times  compared  to 
the  original  chamber.  The  design  accommodates  toxic,  corrosive  and 
flammable  gases  for  implantation  of  a  wider  variety  of  ion  species. 

'J.  R.  Conrad,  J.  L.  Rauike,  R.  A.  Dodd,  F.  J.  Worzala,  N.  C.  Tran, 

J.  Appl.  Phys.  62, 4591  (1987). 

PB'33  Data  Acquisition  and  Control  for  the  triple 
Ion-Irradiation  Facility.*  R.  A.  Buhl,  Oak 
Ridge  National  Laboratory.  A  data  acquisition 
and  control  system  was  developed  to  assist  in 
the  routine  operation  of  the  Oak  Ridge  National 
Laboratory's  Triple  Ion  Irradiation  Facility. 
The  sophisticated  multi-purpose  ultra  high 
vacuum  chamber  system  is  used  to  study  the 
interaction  of  accelerated  ions  from  up  to  three 
Van  De  Graaf  accelerators  with  the  near-surface 
region  of  solid  targets.  The  basic  hardware  for 
this  system  is  a  Hewlett  Packard  AT  compatible 
PC  connected  via  a  IEEE-488  interface  to  a 
Hewlett  Packard  HP3852A  controller  with  a 
HP3853A  extension.  A  menu  driven  touch  screen  is 
used  to  enter  commands.  A  voice  synthesizer  is 
employed  to  audible  alert  the  operator  of 
impending  problems.  Signal  from  beam  profile 
monitors  are  used  for  live  time  beam 
integration.  Data  is  stored  to  floppy  disk  and 
the  screen  is  updated  on  a  one  minute  interval 
during  a  run.  *Research  sponsored  by  the 
Division  of  Material  Sciences,  U.S.  Department 
of  Energy,  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 

PB’34 

MAFIA  Study  of  tho  RFQI  .accelerator .  P.P-  ADAMS,  M.S  Je 
JONG,  AifD  R.M.  UUTCHBDN,'  ChaU  River  Nuclear  Laboratories.  — 

We  nodellcd  the  RFQi  accelerator^  using  the  rf  code  MAFIA.  The 
effects  that  vane  coupling  rings  and  other  elenents  of  the  nodol 
have  on  the  resonant  frequency  agree  reasonably  well  with 
Beasureae.ots.  The  MAFIA  nodel  predicts  elevated  power  dissipation 
on  the  vane  coupling  rings  and  on  the  racetrack  seal  at  the  base  of 
the  vane  end.  These  predictions  are  consistent  with  observations 
of  the  effects  of  local  heating. 

PB'35 

MAFIA  Analysis  of  the  Effects  of  Coupling  Slots  iji  Linacs. 
F.P.  ADAMS,  a.  UHGRIN,  AND  M.S.  ic  JONG,  Chaik~^I^r  Huclcar 
L^d>o^ato^ics.  — 

we  have  used  the  3D  rf  code  MAFIA  to  analyze  on-axis-slot-couplcd 
r/2-aode  standing>VdVo  linac  structures.  Tho  sodel  predicts 
electric  and  aagnetic  quadrupole  fields  in  accelerating  and 
coupling  cavities.  The  not  effect  is  to  produce  an  elliptical 
accelerated  bean,  as  has  been  observed.  Aligning  the  coupling 
slots  in  the  opposite  walls  of  tho  accelerating  cavity  is  predicted 
to  greatly  reduce  the  effect  of  the  quadrupole  fields. 
Cxper^eental  confirmation  of  this  design  concept  ^s  planned. 
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PB  3b  Electrostatic  Accelerators  with  High  Energy 
Resolution.  T.  UCHIVAMA,  Y.  AGAWA,  T. 
NISHIHASHI,  N.  UEDA,  R.  FUKUI,  S.  SEKI,  H. 
YAMAKAWA,  ULVAC  Japan  Ltd..  2500  Haoisono. 
Chioasaki.  Kanaaawa.  253  Japan,  and  A.  ISOYA, 
Research  and  Development  Institute  and  Department 
of  Physics.  Tokai  University.  1117  Kitakaname. 

Hiratsuka.  Kanaaawa.  259-12  Japan. -  Several 

models  of  electrostatic  accelerators  based  on 
rotating  disks  (Disktron)  have  been  manufactured 
for  various  ion  bsam  applications  in  surfr;: 
analyses  and  implantations.  The  high  voltage 
terminal  of  the  disktron  with  terminal  voltage  up 
to  500  kV  is  open  in  air,  while  the  generator 
part  is  enclosed  in  ceramic  or  FRP  vessel  filled 
with  SFj  gas.  The  1  MV  model  is  completely 
enclosed  in  a  steel  vessel.  Compact  tandem 
accelerators  of  pellet  chain  type  with  terminal 
voltage  of  1.5  MV  have  also  been  manufactured. 
Good  energy  stability  of  these  accelerators, 
typically  in  the  range  of  10’^,  has  proved  to  be 
quite  favorable  for  applications  in  precise 
studies  of  material  surfaces  including  the  use  of 
microbeam  techniques. 


PB'37  Triply-Ionized  Molecules  from  a  Tandem  Accelerator.* 

D  L.  WEATHERS,  F  D.  MCDANIEL,  S.  MATTESON,  and  J.  L.  DUGGAN, 
Dcfi.  of  Physics,  l/nitersity  of  North  Texas,  Denton,  TX  76S0S,  1.  M.  AN¬ 
THONY,  Central  Research  Lab.,  Texas  Instruments  Inc.,  Dallas,  TX  75S65 — 
Beams  of  '“B"  B’"*'  +  ions  ha\-e  been  observed  to  emerge  from  the  9SDH-2  NEC 
Pellelron  Thndeni  Accelerator  at  UNT.  ''’B''B“  molecules  were  injected  into 
the  accelerator  with  its  terminal  at  a  potential  of  1.5  MV,  and  positive  ions 
emerging  from  the  machine  were  analyzed  foi  momentum  per  charge  and  en¬ 
ergy  per  charge  before  being  stopped  in  a  solid  state  particle  detector  for  total 
energy  analysis.  Intensities  of  singly-,  doubly-,  and  triply-  charged  molecules 
were  measured  as  a  function  uf  Nz  gas  pressure  in  the  accelerator  terminal  strip¬ 
per  canal.  These  intensities  were  found  to  exhibit  the  same  qualitative  behavior 
for  all  charge  stales,  with  the  number  of  triply-charged  molecules  consistently 
a  lactor  of  *•  10^  less  than  for  the  other  charge  states.  No  quadruply-ionized 
molecules  were  seen.  The  observation  of  particles  corresponding  to  the  breakup 
products  of  the  multiply-ionued  molecules  indicates  that  these  species  were 
decaying  in  flight,  and  are  apparently  metastable  with  lifetimes  of  ~  ps.  im¬ 
plications  of  the  existence  of  such  triply-charged  molecules  for  accelerator  mass 
spectrometry  are  discussed 

•  Work  supported  in  part  by  the  State  of  Texas  Coordinating  Board,  Texas  Instru¬ 
ments  Inc.,  NSF,  ONR,  and  the  Robert  A.  Welch  Foundation. 

PB'ir  The  heavy  ion  injector  at  the  Zurich  AMS  facility. 
H.A.Synal,  G.Bonani,  W.Wolfli;  Institute  of  Intermediate  Energy 
Physics,  ETH-ZSricb;  R.C.Finkel,  M.Suter;  Paul  Scherrer  Insti¬ 
tute,  c/o  ETH-Zunch  -  -  A  heavy  ion  mass  spectrometer  has  been 
set  up  at  the  low  energy  side  of  the  ETH/PSI-AMS  facility.  The 
new  system  provides  better  resolution  for  all  measurements  and 
expands  the  accessible  mass  range  to  the  upper  end  of  the  periodic 
system.  To  achieve  high  meiss  resolution,  a  combination  of  energy 
and  momentun.  filters  has  been  used.  A  90°  spheric  electrostatic 
aneilyzet  jr— 7ocm^  acts  os  an  energy  filter  and  is  followed  by  a  dou 
ble  focusing  90°  dipole  magnet  (r— 60cm,  mAE— 12.5  MeV  amu). 
The  magnet  is  supplied  with  a  fast  beam  pulsing  system  for  quasi 
simultaneous  injection  of  all  isotopes  of  an  element.  The  system 
IS  now  used  for  measurements  of  the  heavy  radioisotopes  "”C1  and 
‘”1.  It  opens  the  possibility  for  studies  with  heavy  stabl*  isotopes. 
The  details  of  the  experimental  set  up  and  first  results  of  measure¬ 
ments  are  discussed. 

PB’39  AMS  at  the  CSIRO  HIAF  Laboratory.  S.H.  SIE, 
G.F.  SUTER,  C.G.  RYAN,  CSIRO  Exploration 

Geoscience.  H.  Rvde.  NSW  2113.  Australia. -  The 

CSIRO  Heavy  Ion  Analytical  Facility  is  a  3  MV 
Tandetron  based  laboratory  dedicated  to 
applications  in  minerals  exploration  research. 


Facilities  include  a  nuclear  microprobe,  and 
recently  the  Accelerator  Mass  Spectrometry  system 
became  operational.  The  first  stage  of  the  AMS 
system  enables  dating  and  tracer  studies  based  on 
cosmogenic  radioisotopes  C14  and  BelO  from  bulk 
samples.  Further  development  will  be  directed 
towards  in-situ  microanalysis  of  ultra-traces 
(parts-per-billion  level)  of  heavy  elements  (e.g. 
Au,  PGE)  in  mineral  samples.  Initial  results  in 
C14  application  will  be  presented. 

PB'40  A  Dedicated  AMS  Facility  for  3h  and  HC-*  M.  L. 
ROBERTS,  J.  R.  SOUTHON,  J.  C.  DAVIS,  I.  D.  PROCTOR, 
UC/LLNL. — Accelerator  mass  spectrometry  is  a  high  sen¬ 
sitivity  technique  for  the  detection  of  numerous  long- 
lived  radionuclides  at  extremely  low  concentrations.  The 
present  use  of  this  measurement  tool  is  primarily  in 
archaeology  and  the  geosciences.  However,  novel  applica¬ 
tions  and  technological  advancements  that  can  have  a 
significant  impact  on  both  biomedical  research  and  clini¬ 
cal  procedures  and  environmental  investigations  have 
been  identified.  We  are  studying  a  small  spectrometer  for 
the  simultaneous  injection  and  detection  of  both  hydro¬ 
gen  and  carbon  radioisotopes.  Details  of  the  concept  and 
experimental  tests  of  it  to  date  will  be  presented. 

•This  work  was  performed  under  the  auspices  of  the  U.  S.  Department 
of  Energy  at  the  Lawrence  Livermore  National  Laboratory  under  con¬ 
tract  W-7405-Eng4S. 

PB'4I  Electrostatic  Octunole  Element^  for  MeV-lon 
Applications  S.  MATTESON,  D.K  WILSON,  D  L  WEATHERS, 
F.D.  MCDANIEL,  J.L.  DUGGAN,  Center  for  Materials 
Characterization.  University  of  North  Texas.  Denton. 

Texas.  J.M  ANTHONY,  Texas  Instrument's  Incorporated. 
Dallas.  Texas.  — -  In  the  application  of  a  tandem 
electrostatic  accelerator  (NEC  Pelletron)  to  accelerator 
mass  spectrometry,  the  need  for  various  optical  elements 
such  as  dipoles,  quadrupoles  and  low  aberration  ion 
optical  lens  systems  has  arisen  Cylindrical 
configurations  of  eight  electrodes  have  been  shown  in  the 
past(l]  to  provide  many  desirable  features.  These  optical 
elements  are  loosely  referred  to  as  "octupoles."  In  this 
work  we  present  new  designs  using  cylinders  in  a 
cylindrical  arrangement  which  provide,  with  various 
voltage  excitations  superimposed  dipole  deflection, 
quadrupole  focusing  and  octupole  correction  for  spherical 
aberration.  A  novel  but  simple  and  precisely  reproducible 
mechanical  design  is  presented  along  with  experimental 
verification  of  the  predictions  of  numerical  solutions  for 
the  optimum  geometries. 

Kelly,  in  Advances  in  Electronics  and  Electron  Physics 
(L.  Marton,  cd.)  vol.  43  (1977)  pp.  43-138. 


PB42  An  Eiectroslatic  Lens  and  Wien  Velocity  Filter  System  as 
an  Ion  Beam  Monochromator.  J.  S.  ALLEN  and  T.  J.  KVALE, 
University  ol  Tol9do.*-The  ion  beam  monochromator  system  on 
the  University  of  Toledo  Negative  Ion  Accelerator  is  described. 
The  ion  beam  monochromator  consists  of  a  multi-cylinder, 
electrostatic  lens  and  a  Wien  velocity  filter.  The  ions  extracted 
from  the  accelerator’s  duoplasmatron  ion  source  are 
decelerated  by  the  electrostatic  lens  before  passing  through  the 
Wien  filter.  By  decelerating  the  ions  to  a  sufficiently  low  energy 
it  is  possible  to  obtain  an  ion  energy  resolution  of  about  1  eV 
FWHM  at  the  exit  of  the  Wien  filter.  The  electrostatic  lens  has 
been  designed  and  modelled  v/ith  the  aid  of  an  ion  trajectory 
tracing  program  (SIMION’).  The  lens  has  been  designed  to 
allow  a  deceleration  voltage  ratio  of  1/100. 

‘Supported  by  US  DOE  Grant  DE-FG05-88ER13971 
'  D.  A.  Dahl  and  J.  E.  Delmore,  Idaho  National  Engineering 
Laboratory,  EGG-CS-7233,  Rev.  2  (1988). 
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PB'43  A  TOP  Hass  Spectrometer  for  Studies  of 
Positron-Molecule  Interactions 

L.D.  HUIiETT,  Oak  Ridge  National  Laboratories,  Oak 
Ridge,  TN,  USA. 

See  Session  Number:  -DD  8 


PB'44  Application  of  Channeling  STIH  (Scanning 
Transmission  Ion  Microscopy) 

M.  CHOLEWA,  Micro  Analytical  Research  Centre, 
School  of  Physics,  The  University  of  Melbourne, 
Parkville,  Vic. 3052,  Australia. 

See  Session  Number:  FC7 


PB'45  LEHIFI:  a  Low  Energy  Heavy  Ion  Fragment  Identifier. 
M.  L.  MUGA,  Z.  MILOSEVICH,  R.  L.  COLDWELL,  and  F.  E. 
DUNNAM,  U.  of  F/on'da.-LEHIFI  is  a  compact  multi-stage  particle 
detector  utilidng  a  series  of  thin-film  scintillators  (tfd's)  [1]  followed 
by  a  surface-barrier  detector  in  an  "E-4E”  configuration,  with  which  we 
have  been  able  to  distinguish  the  atomic  number  Z  of  fission  fragments 
with  an  uncertainty  of  +  0.3  to  ±2  units,  depending  upon  the  mass  and 
energy  range.  The  spedfic  luminescence  of  ionizing  particles  of  energy 
E  passing  through  the  tfd  is  directly  proportional  to  the  transiting  pe¬ 
des'  speafic  energy  loss  dE/Ax.  The  "aE"  pulse  from  each  u'd  is  used 
as  a  timing  signal  to  measure  the  particle's  velodty  as  it  passes  between 
L£HIH  elements.  Specific  luminescence  measurements  indicate  that 
above  about  2.S  MeV/nucleon  the  spread  in  aL/Ax  corresponds  to  an 
uncertainty  of  +  0.3  Z  for  intermediate-mass  ions.  Near  50  amu, 
resolution  degrades  to  about  +2  Z  .  Multiple  tfd's  will  improve  this 
response  with  independent  data  on  each  transiting  panicle,  (jontmuing 
investigations  [2]  include  measurement  of  response  to  Cf-2S2  fission 
fragments  in  coinddence  with  the  prompt  gamma-rays  emitted  fror.’  the 
fragments,  to  selectively  identify  the  transiting  particles. 

Supported  in  part  by  USDOE  Grant  #  DE-FG05-84ER40149  and  the  University  of 
Florida  Division  of  Sponsored  Research 

[1]  M.  L.  Muga  and  H.  E  Taylor.  U.  S.  Patent  #  3,567.925  (March  1971] 

[2]  Z.  Miloscvich,  M.  S.  Thesis,  University  of  Florida ,  1988  (unpublished) 


PB'46  Charge  Collection  Measurements  and  Theoretical 
Calculations  for  Partially  Depleted  Silicon  Dev'ces*;  W.G. 
Abdel-Kader,  S.S.  El-Telcaty*,  and  P.J.  McNulty,  Physics  Dept., 
Clemson  University,  Clemson,  SC29634-1911  Charge  collection 
measurements  were  carried  out  using  partially  depleted  silicon  de¬ 
vices.  The  amount  of  charge  collected  at  a  given  junction  can 
be  used  to  estimate  the  thickness  of  the  .,ei,sitive  volume  to  be 
associated  with  that  junction.  The  assumption  that  the  charge 
generated  within  this  sensitive  volume  equals  the  charge  collected 
at  the  junction  forms  the  basis  of  current  methods  of  predicting 
SEU  rates  for  components  exposed  to  the  natural  radiation  en¬ 
vironments  of  space.  A  simple  analytic  expression  [l]  provides 
reasonable  agreement  with  the  experimental  results  of  charge  col¬ 
lection  with  alphas.  The  dimensions  estimated  from  this  expres¬ 
sion  for  some  partially  depleted  junctions  are  used  in  Monte-Carlo 
simulations  of  charge  generation  in  the  sensitive  volumes  through 
protons-induced  spallations  reactions.  The  results  were  found  be 
in  good  agreement  with  measured  charge  collection  spectra  ob¬ 
tained  by  exposing  the  junctions  to  energetic  protons  incident  at 
various  energies.  *  Work  supported  by  the  Air  Force  Geophysics 
Laboratory  and  the  Defense  Nuclear  Agency. 

*  Presently  at  King  Saud  University,  Riyadh,  Saudi  Arabia. 

[l]  P.  J.  McNulty,  W.G.  Abdel-Kader  and  J.E.  Lynch,  accepted 
for  publication  in  Nuclear  Instruments  and  Methods. 


PB'47  Pulse  Height  Defect  of  Low  Energy  Ions 
in  Surface  Barrier  Detectors.  H.  FUNAKI,  M. 
MASHIMO,  M.  SHIMIZU  and  E.  ARAI,  Tokyo 
Institute  of-Technology .  Japan  --  The  pulse 
height  defects  (PHD)  of  silicon  surface  barrier 
detectors  (SBD)  were  measured  for  protons 


(control)  and  heavy  ions  (“0,  ’*F,  *®Si,  ’®C1 
and  ®*Br)  in  the  incident  energy  range  from  1 
to  8  MeV.  The  results  for  ions  heavier  than  28 
were  generally  consistent  with  data  of  Kaufman 
et  al,‘  For  light  heavy  ions  such  as  '*0  or 
■’F,  however,  the  PHD  values  were  smaller  than 
ref.  1  oy  a  factor  of  10  at  energies  of  a  few 
hundreds  in  LSS  dimensionless  units.  To  explain 
this  discrepancy,  we  have  calculated  the 
distributions  of  energy  loss  and  the  number  of 
ion  pairs  in  the  SBD  by  the  TRIM85  code.  The 
result  shows  that  the  contributions  from 
nuclear  stopping  power  and  the  window  were 
small  in  this  energy  region.  We  will  discuss  at 
the  conference  the  contribution  from  residual 
(recombination)  defect  as  a  function  of  the 
ionization  density. 

'S.B.  Kaufman,  et  al.,  Nucl.  Inst,  and  Math. 
115,  47  (1974) 


PB’48  Target  Station  for  Production  of  PET 
Radionuclides.  RICHARD  M.  LAMBREX3Jr,  MJNAW4AR  SAJJAD, 
lAVDN  BQttElT,  King  Faisal  Specialist  Hospital  and 
Research  Centre,  Saudi  Arabia.—  Positron  emission 
tonography  (PBT)  in  cembination  with  a  regional  or 
Ixjspital-based  ocn^act  cyclotron  is  new  accepted  both 
as  a  clinicctl  tool  for  patient  management,  cuid  for 
bicmedical  research.  A  flexible  PBT  program  requires: 

(1)  on-lire  avail^ility  of  the  short-lived  gases 
“N  and  for  direct  patient  us^  or  as  precursors 
required  to  synthesize  radiopharmaceuticals;  and  (2) 
ei^r  tore  than  1  beam  port  or  the  ability  to  rapidly 
switch  targets  to  assure  continuous  on-line  availabi¬ 
lity  and  delivery  of  the  needed  radionuclide. 
designed  and  fabricated  a  rarotely  controlled  target 
changer  that  c^^^ates  horizontally  on  a  single  line 
beam  to  sequentially  position  up  to  4  gas  targets.  The 
target  station  prwid^  ocranon  target  water  cooling  for 
each  target.  Individual  targets  are  controlled  by 
preumatic  pins  driven  by  gas  pressure.  TT.e  assembly 
will  be  de^ribed  with  special  reference  to  require¬ 
ments  of  a  hospital-based  oyclotron/PET  program. 

I’B'49  Proton  Radiotheranv:  Fixed  vs.  Variable  Energy 
Accelerators.  K.  P.  GALL,  B.  GOTTSCHALK,  A.  M.  KOEHLER, 
J.  M.  SISTBRSON,  M-  WAGNER  Massaclmsetts  General  Hospi¬ 
tal.  and  the  Harvard  Cyclotron  Laboratory  Several  centers 
around  the  world  arc  now  considering  construction  of  hospital 
based  proton  radiation  therapy  facilities.  The  accelerator  for  such 
a  facility  should  have  a  maximum  energy  of  about  250  MeV,  and 
beam  current  of  at  least  20  nA.  These  specifications  are  readily  met 
by  several  types  of  accelerator  including  isochronous  and  frequency 
modulated  cyclotrons,  synchrotrons,  and  linear  accelerators.  The 
treatment  prescribed  for  each  patient  requires  a  rn.iximum  depth  of 
penetration  a  well  as  an  extent  in  depth  detennined  by  the  thick¬ 
ness  of  the  tumor.  This  ctin  be  done  either  passively  by  means 
of  absorbers  or  actively  by  adjusting  the  energy  of  the  extracted 
beam  We  consider  advtmtages  and  compromises  associated  with 
fixed  energy,  step  wise  choice  of  energy,  and  continuously  variable 
energy  in  order  to  help  select  the  appropriate  accelerator  design. 


PB'50  An  Autanated  Beam  Shutter  Control  System.  C.J. 
HOaUHEy,  J.L.  HEED,  Department  of  Radiology.  Dike 
University  Medical  Center.  — In  order  to  assist  with 
qucility  control  record  leering  eind  to  cillev^te 
operator  intervention  during  radicpharmacaiticcil 
production,  a  oemputer  controlled  systaa  for 
controlling  the  beam  shutter  on  a  manually  operated 
CS-30  cyclotron  has  been  designed  ai>d  irplerented. 
The  ^stem  allows  the  operator  to  preselect  the  total 
charge  or  total  bombardment  time  desired.  The  qistem 
prints  a  permanent  record  of  the  run  index  number. 
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date,  start  tine,  step  tine,  elapsed  tine,  and  toted 
charge.  In  addition,  the  unit  edso  nonitors  and 
provides  a  printed  record  of  the  radiation  level,  eis 
read  by  an  ion  chaniber  in  the  radiophamaceutical 
production  unit,  to  verify  the  amount  of  activity 
transferred  from  the  target  to  the  hot  lab. 


PB'51  Focusing  of  a  Heoavoltaoe  Electron  Beam 
in  a  Medical  Accelerator.  -  -  P.  FRIEDRICHS, 
G.  KONRAD,  Siemens  Medical  Laboratories.  -  Due 
to  packaging  constraints  in  the  radiotherapy 
machine  gantry  of  Siemens  Hevatrons,  the 
electron  linac  used  in  the  lower  energy  models 
has  a  long  drift  tube  between  the  end  of  the 
linac  and  the  270*  achromatic  bend  assembly. 
Space  charge  spreading  causes  the  electron  beam 
to  grow  so  that  it  freguently  impinges  upon  the 
entrance  hole  to  the  bend  assembly.  Space  and 
weight  constraints  prevent  the  use  of  a 
solenoid  and  associated  power  supplies.  A 
permanent  magnet  structure  has  been  designed 
that  is  effective  in  reducing  the  intercepted 
beam  by  at  least  40%.  Trajectory  calculations 
obtained  through  use  of  the  electron  linac 
design  code  PARMELA  are  in  good  agreement  with 
the  experimentally  observed  results. 
Supporting  data  for  several  electron  energies 
over  the  normal  operating  range  of  4  to  6  MV 
photons  from  these  Hevatrons  is  presented. 


PB'52  Consequences  of  Electroplated  Targets  on 
Radiopharmaceutical  Preparation.  R.  FINN,  S. 
TIRELLI,  H.  SHEH,  A.  KNOTT,  A.  GELBARD,  S. 
LARSON.  Memorial  Sloan-Kettering  Cancer  Center, 

New  York,  N.Y. - The  staff  of  the  cyclotron 

facility  of  Memorial  Sloan-Kettering  Cancer 
Center  is  involved  in  a  comprehensive 
radionuclide  preparation  program  which 
culminates  with  the  formulation  of  numerous 
requested  short-lived,  positron  emitting 
radiopharmaceutical  agents  for  clinical 
investigation.  Both  the  produced  radionuclide 
as  well  as  the  final  radiolabeled  compound  are 
subjected  to  stringent  quality  assurance 
standards  including  both  radiochemical  and 
chemical  purity.  The  subtle  chemical 
consequences  resulting  from  the  irradiation  of 
a  nickel-plated  target  for  nitrogen-13 
production  serves  to  emphasize  some  of  these 
potential  technical  difficulties. 


PB'53  Rededication  of  the  Memorial  Sloan- 
Kettering  Cancer  Center  Cyclotron.  R.  FINN,  A. 
KNOTT,  H.  SHEH,  S.  TIRELLI,  S.  LARSON,  J. 
FISSEKIS,  J.  LAUGHLIN.  Memorial  Sloan-Kettering 
Cancer  Center,  New  York,  N.Y.- —  The  Memorial 
Sloan-Kettering  Cancer  Center  cyclotron,  (Model 
CS-15  manufactured  by  The  Cyclotron  Corporation) 
is  one  of  the  earliest  research  accelerators 
dedicated  to  serve  a  medical  complex.  It  has 
recently  undergone  an  extensive  reconditioning 
and  refurbishment  effort  to  insure  the  continued 
application  of  the  cyclotron  as  a  key  resource 
for  the  center's  clinical  research  effort  into 
tumor  growth,  metabolism  and  pharmacological 
responses.  With  improvements  to  several  .sub¬ 
systems  of  the  cyclotron  including  the  high 
vacuum  system,  ion  source  gas  supply  system,  and 
the  harmonic  control  system  completed,  and 
several  other  subsystems  being  rebuilt  such  as 
the  targetry  system,  the  result  has  been 
enhanced  operational  performance  and  reliability 
as  well  as  improvements  to  the  radiochemical 
production.  Technical  difficulties  both 
anticipated  and/or  uncovered  during  the 
refurbishment  shall  be  detailed. 


PB'54  Proton  Radiation  Therapy; _ Fixed  vs. 

Variable  Energy  Accelerators.  K.P.  GALL,  B. 
GOTTSCHALK,  A.M.  KOEHLER,  J.M.  SISTERSON,  and  M. 
WAGNER,  Massachusetts  General  Hospital  Department 
of  Radiation  Medicine,  and  the  Harvard  Cyclotron 

Laboratory. -  Several  centers  around  the  world 

are  considering  construction  of  hospital  based 
proton  radiation  therapy  facilities.  The 
accelerator  for  such  a  facility  should  have  a 
maximum  energy  of  about  250  HeV,  and  beam  current 
of  at  least  20  nA.  These  specifications  are 
readily  met  by  several  types  of  accelerator 
including  isochronous  and  frequency  modulated 
cyclotrons,  synchrotrons,  and  linear 
accelerators.  The  treatment  prescribed  for  each 
patient  requires  a  maximum  depth  of  penetration 
as  well  as  an  extent  in  depth  determined  by  the 
thickness  of  the  tumor.  This  can  be  done  either 
passively  by  means  of  absorbers  or  actively  by 
adjusting  the  energy  of  the  extracted  beam.  We 
consider  advantages  and  compromises  associated 
with  fixed  energy,  step  wise  choice  of  energy, 
and  continuously  variable  energy  in  order  to  help 
select  the  appropriate  accelerator  design. 


PB'55  Cyclotron  Production  of  Medical 
Radionuclides. 

R.M.  LAMBRECHT,  King  Faisal  Specialist  Hospital 
and  Research  Centre,  Saudi  Arabia. 

See  Session  Number:  GC  5 


PB’56  Study  of  Deuterium  Diffusion  Behavior  in 
SiOj  by  means  of  D(^He,p)^He  Reaction. 

Q.  QIU,  Fraunhofer-Arbeitsgruppe  fur  Integrierte 
Schaltungen,  Erlangen,  FRG. 

See  Session  Number:  BE  5 


PB'57  Self-Consistent  Multi-Species  Fluid-Poisson  Modeling  of 
LBL  Negative  Ion  Source  Data.  JOHN  L.  ORTHEL,  G.  H. 

Gillespie  Associates*  —  The  modeling  of  various  aspects  of  recent 
LBL  volume  negative  ion  source  data  using  a  self-consistent  multi¬ 
species  fluid-Poisson  code  is  descrilxjd.  First,  a  brief  description  of 
the  code  and  the  physics  equations  and  numerical  technique  is 
presented.  Then  the  interdependence  of  plasma  density,  current 
density,  nonuniformities,  extraction  voltage,  cross-field  transport, 
electron  suppression,  space  charge,  aperture  size  (and  number  of 
apertures  in  the  case  of  multiaperture  extraction),  perveance,  neutral 
flow  and  stripping,  and  emittance  are  explored  using  the  code. 
Vanous  submodels  for  surface  and  volume  production,  transport, 
and  destruction  of  the  negative  ions  and  electrons  arc  examined  and 
the  results  are  compared  with  the  data. 

*Supported  by  the  U.  S.  Army  Strategic  Defense  Command, 
Huntsville,  AL  and  Teledyne  Brown  Engineering,  Huntsville,  All 
under  contract  numbers  DASG60-87-C-()()42/SC-7638. 


PB’58 

A  Kultlpuroort  Exotrlscnnl  Irradiation  Plant.  A.  SIRASSER,  f.  XtJHTZ, 

E.  HARCHIOHI,  AERIaE  Strasbourg  and  R.  SEUZ.  Cmtra  de  Rechtrehts 
Hwltatrcs  IHZPS.and  Unlvtrsltd  loula  Patteur  STRAS80URG  (France)  --  A 
Z.S  Key  Van  de  Graaff  accelerator  ts  used  as  an  electron  source  of  a 
sultlpurpose  beaa  processing  facility.  Specialized  equlpeent  has  been 
developed  ;  ZO  Hz  scanning  device,  cultlMlre  beta  shape  analyzer,  optical 
coder  controlled  conveying  systea,  scattering  foils  for  dose  uniforalty 
laprovcaent,  Cu-H  Z  KeV  optlalzed  X-ray  conversion  target. 


The  facility  Is  used  for  R  A  0  In  doslcetry,  food  processing.  Irradiation 
detection,  saterlat  science,  defect  sleulatlon  in  sealconductors. 
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Minutes  of  the  Forty-Second  Annual 
Gaseous  Electronics  Conference 
Palo  Alto,  California;  17-20  October  1989 


PREAMBLE 

The  Forty-Second  Annual  Gaseous  Electronics  Confer¬ 
ence  was  held  on  17-20  October  1989,  hosted  by  SRI  In¬ 
ternational,  Menlo  Park,  California.  This  meeting  was  a 
topical  conference  of  the  American  Physical  Society  and 
was  sponsored  by  the  Division  of  Atomic,  Molecular,  and 
Optical  Physics.  All  technical  sessions  were  held  at  the 
Rickeys  Hyatt,  Palo  Alto,  California.  Financial  support 
was  provided  by  the  Air  Force  Office  of  Scientific 
Research,  the  Army  Research  Office,  the  National  Science 
Foundation,  the  General  Electric  Company,  and  GTE  In¬ 
corporated.  The  Forty-Second  Gaseous  Electronics 
Conference  featured  arranged  sessions  with  invited  papers 
and  two  workshops  on  the  following  topics: 

1.  Plasma  Chemistry  and  Processing 

2.  The  Atomic  Xe:Ar  (He,  Ne)  Laser 

3.  Fundamental  Data  from  Discharge  Plasmas 

4.  Electron  Impact  Ionization 

5.  Heavy-Particle  and  Excited  State  Collisions 

6.  Workshop  on  Cross  Sections  I  Wish  I  Knew 

7.  Workshop  on  the  Reference  System  for  RF  Plasma 
Processing  Research 


EPITOME 

16  OCTOBER  1989 

MONDAY  EVENING 

6:30-9:30 

Registration  and.  Reception. 

17  OCTOBER  1989 

TUESDAY  MORNING 

8:00-8:23 

Introductory  Remarks.  D.  L. 
Heuslis. 

8:23-9:41  A 

Diagnostics  of  Processing  Dis¬ 
charges.  H.  H.  Sawin. 

10:00-11:55  BA 

Hydrocarb  -n  Plasmas.  L.  W. 
Anderson. 

10:00-11:04  BB 

Kinetic  Models.  B.  M.  Pen- 
etrante. 

11:04-12:03  BC 

Electron  Diffusion.  W.  N.  G. 
Hitchon. 

TUESDAY  AFTERNOON 

1:30-3:18  CA 

Plasma  Processing.  H.  M.  An¬ 
derson. 

1.30-3:28 

CB 

Heavy  Particle  and  Excited  State 
Collisions.  M.  R.  Flannery. 

3:45-5:30 

D 

Workshop  on  the  Reference  Sys¬ 
tem  for  RF  Plasma  Processing 
Research.  K.  E.  Greenberg. 

TUESDAY  EVENING 

7:30-10:00 

E 

Posters.  H.  Helm. 

18  OCTOBER  1989 

WEDNESDAY  MORNING 

8:00-9:25 

FA 

Ionization.  S.  K.  Srivastava. 

8:00-9:31 

FB 

Laser  Phenomena.  L.  A.  Schlie. 

10:00-11:31 

GA 

Arcs  and  Glows.  V.  A.  Godyak. 

10:00-11:07 

GB 

Electron  and  Heavy  Particle  Col- 
li;-!.)ns.  D.  C.  Lorents. 

11:30-12:00 

H 

Business  Meeting.  J.  B.  Gerardo. 

WEDNESDAY  AFTERNOON 

1:30-3:30 

J 

Posters.  Y.  K.  Bae. 

4:15-6:00 

Laboratory  Tour.  Molecular 

Physics  Laboratory  and  Chemical 
Kinetics  Departm.  at,  SRI  Inter¬ 
national. 

WEDNESDAY  EVENING 

6:00-7:00 

Social  Hour. 

7:00-10:00 

Banquet. 

19  OCTOBER  1989 

THURSDAY  MORNING 

8:00-9:39 

KA 

Ar/Xe  Lasers  1.  A.  Garscadden. 

8:00-9:43 

KB 

Breakdown  and  Switching.  L.  E. 
Kline. 

10:10-11:50 

LA 

Ar/Xe  Lasers  11.  A.  Garscad¬ 
den. 

10:10-12:04 

LB 

Cross  Section  Data  1.  R.  A. 
Phaneuf. 

THURSDAY  AFTERNOON 


1:30-3:18 

MA 

Fundamental  Data  from 
J.  E.  Lawler. 

Plasmas. 

1:30-3:25 

MB 

Cross  Section  Data  II. 

son. 

B.  Beder- 

3:30-5:30 

NA 

Posters.  J.  B.  Jeffries. 

3:45-5:16 

NB 

Novel  Plasmas.  C.  B. 

mann. 

Fledder- 

THURSDAY  EVENING 

7:30-10:00 

P 

Cross  Sections  I  Wish 
C.  C.  Lin. 

I  Knew. 
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CO 


20  OCTOBER  1989 


RIDAY  MORNING 


00-9:39  QA 
8:00-9:30  QB 


Single  Wafer  Plasma  Processing. 
J.  H.  Keller. 

Collisions  Between  Atoms,  Mole- 


10:00-11:31  RA 
10:00-11:43  RB 


cules,  and  Ions.  J.  R.  Peterson. 
RF  Discharges:  Modds  and  Ex¬ 
periments.  M.  A.  Lieberman. 
Optical  Diagnostics.  J.  T.  Dakin. 
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MAIN  TEXT 

SESSION  A:  DIAGNOSTICS  OF  PROCESSING 
DISCHARGES 

Tuesday  morning,  17  October  1989 

Rickeys  Hyatt,  Camico  Ballrooms  C  and  D  at  8:23  A.M. 

H.  H.  Sawin,  presiding 

Deiecrion  of  Atomic  Qilorne  in  rf  Plasmas  bv  Laser  Exciied 
Amplified  Spontaneous  Emission.  ANDREW  D  SAPPEY  and  JAY  B 
JEFFRIES.  .SRI  Iniemational-Laser -excited  stimulated  emission  is 
used  to  detect  atomic  chlorine  in  an  if  etching  plasma.  Two  laser 
photons  near  233.3  nm  excite  the  spin-  forbidden  3p'^4p  '*8°  3p5 

tiansmon.  Amplified  spontaneous  emission  (ASE)  is  obser\’ed 
firom  3p'*4p  '*So  -» 3p^4s  ^Pj.  The  stimulated  emission  signals  arc 
compared  to  simultaneously  acquired  laser  induced  fluorescence  (LIF) 
firom  the  same  transition.  For  J=l/2  the  ASE  intensity  is  nearly  1000 
times  larger  than  the  LIF.  This  strong,  collimated  stimulated  emission 
provides  a  means  to  detect  atomic  chlorine  ichich  only  requires  a  single 
optical  access  window. 

•Supporieo  by  mtemai  research  and  development  funds  of  SRI 
Intemadonal 


Two-Photon  Detection  of  F  and  F;,*  G.  W  FARIS,  M.  J 
DYER,  W.  K.  BISCHEL,  and  D.  L.  HUESTIS,  SRI  Imemaiional- 
Optical  detecuon  of  F  and  ¥2  is  of  interest  for  diagnostics  of  plasma 
processing  and  for  laser  kinetics  studies.  F2  is  detected  by  excitation  of 
the  plflg  and  f^flg  sutes  from  the  ground  state  with  two  photons  near 
207  nm  and  measurement  of  either  VUV  fluorescence  or  ionization  by  a 
third  photon.  Recent  measurements  with  a  VUV  spectrometer  have 
shown  that  the  fluorescence  occurs  at  158  nm,  corresponding  to  the  F2 
laser  transition.  Detection  of  F  atom  emission  at  776  nm  resulting  from 
two-photon  exatauon  of  the  ^DJ  level  was  demonstrated  previously ', 
using  the  1 70  nm  6th  anti-Stoxes  wave  of  a  doubled  dye  laser  Raman 
shifted  in  H2.  We  describe  anempts  to  increase  the  sensitivity  of  the  F 
atom  detecuon  by  producing  the  170  nm  phoions  by  Raman  sh.fcr.g  ain 
ArF  laser  in  HD  and  using  the  2nd  anu-Stokes  wave. 

*  Supported  by  AFOSR  under  Contract  No.  F49620  88  K  0003 

•  G.  C.  Hemng,  M.  J.  Over,  L.  E.  Jusmski,  and  W.  K.  Bischel,  Op; 
Utt.  12. 360  (1988). 


l.a.ser-Induced  Fluorescence  Diaznostics  of  Silicon  Etchine. 
ANDREW  D.  SAPPEY  and  JAY  B.  JEFFRIES,  SRI  Imemational- 
Lascr-utduced  fluorescence  is  used  to  detect  CF  and  SiF2  radicals  in  an 
13.56  MHz  rf  discharge  of  CF4  and  O2  dunng  the  etching  of  a  silicon 
wrafer.  Under  conditions  which  mimiruze  the  reactive  ion  etching,  the 
spatial  gradients  of  concentranon  show  that  CF  is  lost  from  the  gas 
phase  to  the  silicon  surface.  Similar  measurements  on  tJ  SiF2  radical 
show  that  it  is  produced  on  the  surface  and  diffuses  into  the  gas  phase. 
Rotational  and  vibrational  temperatures  of  CFare  in  equilibrium  with 
one  another  and  have  a  value  similar  to  that  estimated  for  the  silicon 
wafer  temperature. 

•Supponed  by  internal  research  and  development  funds  of  SRI 
International 


v'=0  X-B  u-ansitions.  When  the  laser  was  tuned  near  248.0  nm,  the 
v"=2  to  v‘=2  X-B  transition  was  excited  and  the  resulting 
fluorescence  spectrum  could  be  assigned  to  transitions  from  v’=2  of 
the  B  state  to  v"=3-19  of  the  X  (ground)  state.  When  the  laser  was 
tuned  near  248.5  nm,  the  v"=l  to  v’=0  X-B  transition  was 
predominantly  excited  and  the  fluorescence  spectrum  was 
dominated  by  transinons  from  v’=0  of  the  B  state  to  v“=2-18  of  the 
X  state.  SO2  B  *Bi  emission  was  observed  over  the  entire  tuning 
range  of  the  laser.  Measurements  of  the  SO2  fluorescence  lifetime 
indicate  very  fast  quenching  of  the  laser  excited  SO2  states  in  our 
discharge  system.  Fast  quenching  is  also  supported  by  SO2  LIF 
specua  reLurdeo  1  ps  after  die  laser  pulse  whiuh  show  a  red  shificd 
peax  fluorescence  emission.  Estimates  of  the  SO  number  density 
and  compansons  with  sulfur  dimer  measurements  will  be  presented. 

.So.  SO.  and  SOo  Soatial  Distnbuiions  in  SF.fi/Q-> 
Radin-freqiiencv  Glow  Discharges.  K.E.  GREENBERG  and  P.J. 
HARGIS,  JR.,  Sandia  National  Laboratories  —  A  gated 
multichannel  detector  was  used  to  measure  spatially  resolved 
laser-induced  fluorescence  from  S2.  SO,  and  S()2.  in  13.56- MHz 
SF(p02  discharges.  Spatial  profiles  were  measuiu  aduss  the  gap 
between  ihe  parSlel-platc  electrodes,  in  the  cen.ei  of  the  discharge 
Typical  operating  conditions  were:  0.3  to  2.7  W/cm^,  40  seem  SFfi,  0 
to  80  seem  O2,  and  300  to  500  mTorr  total  pressure.  Spatial  profile 
measurements  showed  an  enhancement  of  $2  at  both  electrodes;  a 
depletion  of  SO  at  both  electrodes;  and  a  minimum  in  the  SO2 
density  a  few  millimeters  from  the  powered  electrode.  Etching  a 
refractory  metal  (Ta)  in  the  SFg  discharge  produced  an  order  of 
magnitude  increase  in  the  S2  density  but  no  change  in  the  S2  spatial 
profile.  A  tunable  dye  Iaser"was  used  to  measure  the  distribution  of 
the  S2(Xj  v"=0  and  v"=l  states  across  the  discharge  gap.  The  effect 
of  the  interelectrode  gap  spacing  (12.  18,  or  25  mm)  on  profile 
measurements  will  also  be  reponed. 

*This  work  performed  at  Sandia  National  Laboratones  supported 
by  the  U.S.  Department  of  Energv  under  contract  no 
DE-AC04-76DP00789. 


Ion  Cyclotron  Resonance  Mass  .Spec-tromeirv  in  EC.R 
Plasmas*  J.B.  Friedmann,  J.L.  Shohet  and  A.E.  Wendt, 
Eneir.eering ■Research  Cemer-for  Plasma-Aided  Manufacturing. 
University  of  Wisconsin-Madison  and  J.T.  Brenna,  IBM 
Corporation.  Endicott.  New  York.  -  In-situ  mass  spectrometry 
measurements  may  be  an  effechve  means  for  procesu  cor.uol  of  ECR 
plasmas.  Mass  measurements  of  active  species  in  an  ECR  plasma 
reactor  have  been  made  using  ion  cyclotron  resonance  mass 
spectrometry.  An  ECR  plasma,  generated  by  a  magnetron  supply- 
operating  at  2.45  GHz,  has  been  produced  in  a  magiietic  mirror 
geometry.  The  plasma  is  physically  separated  from  a  low  pressure 
analysis  cell.  Plasma  is  coupled  10  the  cell  through  a  small  orifice 
(0.0369  cm  in  diameter).  The  system  has  been  operated  in  an 
Omegatron'  configuration  and  mass  sjKcira  for  Nitrogen,  Helium, 
Argon  and  CF4  have  been  obtained  during  ECR  plasma  production 
Typical  operating  pressures  are  5  x  lO'^  tom  in  the  analysis  cell 
region  and  3  x  10'^  in  the  plasma  production  region. 

*  Work  supponed  in  pan  by  the  National  Science  Foundation  under 
Grant  No.  CDR-8721545  and  in  pan  by  IBM  Corporation. 

*  D  E.  Post  and  R  Bchrisch,  eds  Phvsics  of  Plasma-Wall 
Interactions  in  Controlled  Fusion  (Plenum  Press  New  York).  165 
(1983). 


SESSION  BA:  HYDROCARBON  PLASMAS 
Tuesday  morning,  17  October  1989 
Rickeys  Hyatt,  Camino  Ballrooms  C  and  D  at  10:00  A.M. 
L.  W.  Anderson,  presiding 


Laser  Induced  Fluorescence  Detection  of  SO  and  SO?  in 
13.56-MHz  SFfufQ?  Discharges.  K.  E.  GREENBERG  and  P  J 
HARGIS,  JR.,  Sandia  National  Laboraiones  -  Laser-induced 
fluorescence  (LIF;  excited  by  a  tunable  KrF  laser  was  used  to  detect 
SO  and  SO2  m  the  active  volume  of  SF^02  plasma  etching 
distiiarges.  Typical  conditions  for  the  i3.56-hlHz,  parallel-plate 
discharge  were.  0.7  -  2.7  W/cm^,  40  seem  SFg,  0-6  seem  O2,  and 
300  -  340  mTorr  total  pressure.  SO  was  identified  by  using 
unfocussed  KrF  laser  light  to  excite  the  SO  v”=2  to  v  =2  and  v"=l  to 


Role  of  Gas  Discharge  in  Cheaical  Vapor 
Deposition  of  Diaiaond  Filns.  Y.  TZENG, 

PepartBent  of  Electrical _ EngAngeginq.  .Mbura 

Oniveirsitv — We  have  investigated  various  plasaa 
as  well  as  non-plasaa  chenical  vapor  deposition 
(CVD)  processes  for  deposition  of  diaaond  thin 
filas.  Gas  discharges  not  only  provide 
energetic  electrons  for  dissociating  large 
hydrocarbon  aolecules  in  nixtures  with  hydrogen 
and/or  oxygeri  but  also  cause  high  fluxes  of 
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ions  bonbarding  the  substrates  on  which  drasond 
is  to  be  deposited.  The  role  of  these  ions  is 
unique  for  plasna  CVD  as  coapared  witn  other 
non-plasaa  cVD  processes  such  as  the  theraal 
CVD  and  coabustion  CVD  of  dianond.  Depending 
on  the  ion  energy  distribution,  ions  can  either 
pronote  or  retard  dianond  deposition.  In  this 
paper,  various  dianond  deposition  processes 
will  be  reviewed  with  enphasis  being  put  on  the 
conparison  anong  CVD's  emianced  by  different 
plasnas  and  between  plasna  and  non-plasaa  CVD 
processes.  Fron  this  conparison,  the  role  of 
gas  discharge  in  the  cheaical  vapor  deposition 
of  dianond  filas  will  be  discussed. 


Diamond  Svnihesis  in  a  50  kW  Inducii^el^  Coupled 
Aimosphenc  Pressure  Plasma.*  M.  GORDON.  T.  OWANO, 
C.H.  KRUGER  and  M.  A.  CAPPELLl,  Stanford  Univcrsm  - 
Po!>cr>siaI!ine  diamond  coatings  have  been  deposited  on  a  vanet> 
of  metal  substrates  using  a  50  kW  thermal  plasma  reactor.  The 
growth  morphology  is  found  to  vary  significantly  with  reactor 
processing  conditions.  In  this  work,  v.;  explore  the  effects  of 
varying  the  parameters  controlling  both  the  surface  kinetics 
(substrate  temperature)  and  gas  phase  chemistry  (initial  gas  feed 
composition  'and  plasma  temperature).  Scanning  electron 
mic.oscopj  indic’’cs  that  well  faceted  crystals  arc  obia.ned  w/Ji 
growth  along  the  100  and  1 1 1  planes.  Raman  scattering  data  is  used 
to  compare  the  bonding  structure  to  that  obtained  by  lot.  presSue 
microwave  plasma  deposition. 

*  Work  Supported  i.n  pan  by  the  Department  of  Energy  vBES/  and 
Office  of  Naval  Research. 


Hydrocarbons  from  Discharges  in  Methane  and  Discharges 
over  a-C:H  Films.*  R.N.  RUDOLPH**  and  J.H.  MOORE, 
Deoanment  of  Chemistry  and  Biochemistry.  University  of  Maryland  — 
Neutral  hydrocarbons  are  observed  from  a  microwave  discharge  in  a 
fast  flow  of  (a)  0.5  -  6^  methane  in  argon,  (b)  0.5  -  6%  methane  in 
hydrogen,  and  (c)  hydrogen  over  a  previously  deposited  a-C:H  film. 
System  (a)  produces  polyacetylenic  and  other  hydrocarbons  through 
Cg  by  predominantly  gas-phase  reactions  and  deposits  an  a-C:H  film, 
(b)  and  (c)  produce  hydrocarbon  radicals  and  molecules  with  masses 
through  300  which  in  case  (b)  arise  from  both  gas-phase  reactions  and 
film  ablation,  and  in  case  (c)  from  film  ablation  alone.  Proposals  are 
made  for  the  mechanisms  of  gas-phase  polymerization,  film 
deposition,  and  ablation.  Hydrocarbon  tons  observed  downstream 
from  these  discharges  appear  to  anse  from  ionization  of  neutrals  with  a 
distribution  determined  by  subsequent  ion-molecule  reactions  and 
selective  diffusion  losses. 

*Supponed  by  NSF  grant  CHE-87'21744. 

•*on  sabbatical  from  Adams  State  College,  Alamosa,  CO. 

Absolute  Density  and  Spatial  Distribution  of  the 

Free  Radical  CHy  end  CK?  in  a  Methane  rf  Plasca.* 
H.SUC-AI,  H.TOYODA  and  ri.KOJIHA.  Kagova  University.  Japan 
Heutral  radical  CH3  and  CK2  in  a  capacitively  coupled  rf 
discharge  in  cethane  have  been  detected  using  thresbold- 
ioniiation  cess  spectroeetiy.'»*  The  absolute  density  of 
Cn2  radical  in  the  13-5  KHz-10  W  discharge  in  10  cTorr 
CH/  is  two  orders  of  cegnitude  less  than  the  CKj  density! 
10‘-  c="*).  Space-resolved  density  seasurenent  of  radical 
species  sho-wi  the  uniforc  distribution  of  the  CH3  dencity 
whereas  the  CK2  density  is  higher  near  the  powered  elec¬ 
trode.  Tice-resolved  density  ceasurecent  of  the  afterglow 
of  rf  discharges  provides  the  decay  tire  of  vioO  cs  for 
CHi  radical  and  ''>10  ss  for  CH2  radical.  The  CH3  decay  is 
well  explained  in  teres  of  the  reccsbination  reaction 
CH3  +  CK3  C2K6-  The  CH2  decay  is  attributed  to  s-,irface 
loss  (sticking  coefficient ‘'0.025).  in  addition  to  gas 
phase  loss  due  to  the  CH2  reactions  with  CK3  and  CH4. 

•Work  supported  by  a  Srant-in-Aid  for  Scientific  Research 
free  the  Ministry  of  Education,  Science  6  Culture .Japan. 
*H.  Toyoda,  H.  Kojise  and  .H.  Sugai,  Appl.  Phys.  I.ett. 
1507(1939). 

’H.  Kojica,  H.  Toyoda  and  H.  Sugai,  to  be  published  in 
Appl.  Phys.  Lett. 


Measureeent  Method  of  the  SIH7  Radical  Density 
Using  Infrared  Laser  Absorption  Spectroscopy*.  T.  GOTO 
N.  NISHIWAXI,  N.  ITA3ASHI  and  K.  KATO,  Kagova  Univ..  C. 
YAMADA  and  E.  HIROTA,  Inst,  for  Molecular  Science. —  The 
SiH2  radical  density  has  never  been  ceasured  for  want  of 
a  ceasurecent  cethod.  In  this  work,  using  the  infrared 
diode  laser  absorption  cethod,  the  ceasurecent  of  the 
density  of  the  SiH2  radical  forced  froc  phenyl-silane  by 
an  AcF  exclcer  laser  has  been  carried  out  and  first  it  has 
been  shown  to  be  able  to  detercine  the  absolu-e  value  of 
the  SiH2  radical  density.  The  glass  tube  of  12  co  diaceter 
and  200  cs  length  has  been  used  as  an  absorption  cell.  The 
phenyl-silane  diluted  with  hydrogen  in  the  cell  has  been 
decocposlted  by  the  Arr  excicer  laser  traveling  along  the 
tube  axis  to  fore  the  SiH2  radical.  The  transient  absorp¬ 
tion  intensity  of  the  ?  branch  line  of  the  SiH2  )/2  band 
has  been  observed  at  a  phenyl-silane  pressure  of  lOsTort, 
a  hydtogen  pressure  of  83C  cTorr  and  a  hydrogen  flo'wing 
race  of  500  sees,  and  the  SiH2(xlAi)  radical  density  has 
been  detecsined  to  be  5xlCl ^  cc~^  assucing  a  totational 
teeperacure  of  360  K. 

•Supported  by  Crant-in-Aid  foe  Scientific  Research  on 
Priority  Areas  of  the  Ministry  of  Education,  Science  and 
Culture. 

Infrared  Laser  Absorption  Studies  of  CF/,  and  CH?, 
RF  Plasaas.'i^  J.  VOPJfflOUDT,  Aerodyne  Research. 

Inc. — Infrared  tunable  diode  laser  absorption  studies  of 
process  plascas  are  being  carried  out  in  a  laboratory 
reactor  which  allows  a  long  absorption  path.  Here  we 
report  studies  of  CF4  and  CH4  radio  frequency  plascas. 
The  colecular  species  whose  concentrations  have  been 
ceasured  include  CF2  and  C2Fg  as  well  as  CF4  in  CF4 
plascas,  end  CHy  and  C2H2  as  well  as  CH4  in  cethane 
plascas.  Observations  ace  cade  for  ranges  of  reactor 
pacaceters,  including  fS  power,  dilution  by  Ar  or  H2, 
total  pressure,  and  O2  addition.  Spectroscopic  detersi- 
nation  of  translational,  rotational  and  vibrational 
teeperatures  will  also  be  discussed. 

'•Work  supported  by  the  Air  Force  Office  of  Scientific 
Research  under  Contract  F49620-87-C-00S2. 


Pattlculate  Generation  in  SIlaneAAoaonla  RF 
Discharges.  H.M.  Anderson  R.  Jairath,  Dept.  Chec.  Enpr.. 
Universtrv  of  Kew  Mexico.  Albuque-que ,  KM  The  rate  of 
particle  generation  in  a  rf  discharge  has  been 

studied  as  a  function  of  Che  discharge  operating 
paracecer  space,  electrode  geoeetcy,  and  power  supply 
coupling  code.  HeasucecenCs  of  the  bulk  quantity  of 
particles  produced  in  the  discharge  indicate  the  code  of 
coupling  (capacitative  or  dc)  and  the  electrode 
teeperacure  significantly  affect  particle  generation 
races.  Laser  light  scattering  cebsurecencs  cade  as 
function  of  the  plasca  power  density  also  indicate  chat 
particle  generation  abruptly  ceases  at  a  threshold  value 
sufficient  Co  induce  spark  breakdo-wn  at  the  dc  coupled 
electrode.  Particle  characterization  of  sacples 
collected  froc  the  discharge  chacber  reveals  chat  the 
pricary  particles  are  sub-nicron,  N-rich  or  Si-rich 
depenicnc  on  the  feed  gas  ratio,  and  chat  substantial 
clustering  of  pricary  particles  occurs  in  the  gas  phase 
siculcaneous  -with  particle  growth.  Based  on  the  above 
observation  icplicacing  electrode  interactions  -with 
particle  generation  races,  a  ntv  cechanisc  for  the 
gro'-'th  of  particles  in  low  pressure  rf  discharges  for 
plasca  processing  is  proposed. 

SESSION  BB:  KINETIC  MODELS 

Tuesday  morning,  17  October  1989 

Rickeys  Hyatt,  (iamino  Ballroom  B  at  10:00  A.M. 

B,  M.  Pcnctrantc,  presiding 

Kinetic  Models  of  Glow  Discharges*  W  N  G  Hitchon. 
TJ  Sommerer  and  J  E  Lawler.  University  of  Wisconsin.  Madison. 
Wisconsin  53706  U.S.A.  -  Very  efficient  numerical  solutions  of 
kinetic  cquaiionsl-^  have  been  applied  to  DC  and  RF  discharges. 
The  electron  and  ion  distribution  functions  (in  one  spatial  and  two 
velocity  variables  (x.v.jt)  ji  b  vx/v)  and  the  electric  field  arc 
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calculated  self-consisienily.  Strong  effects  of  vai^ng  frequency, 
voltage  and  secondary  emission  coefficient  in  RF  discharges  in  He 
have  been  observed  for  f  =  10  -  13.56  MHz,  Va  =  500-1000  V 
(peak-to-peak),  7  =  0  and  .1,  p  =  100  mtonr.  Conditions  in  the 
cathode  fall  and  negative  glow  of  a  DC  discharge  in  He,  obtained 
using  a  detailed  set  of  atomic  processes,  will  be  discussed.  In 
particular,  the  peak  negative  glow  electron  density  is  related  to  the 
electron  "temperature’  (measured  as  -  10**  cm"3  and  0.1  to  0.2  eV) 
which  are  determined  by  elastic  cooling  and  energy  deposition  by 
beam  electrons. 

1  W.N.G.  Hitchon,  DJ.  Koch  and  J.B.  Adams,  J.  Comp.  Phvs.. 
(to  be  published). 

2  T.J.  Sommerer,  W.N.G.  Hitchon  and  J.E.  Lawler.  Phvs.  Rev. 
A.  39.  (1989)  6356. 

*  Work  supponed  by  the  UW/NSF  ERC  in  Plasma-Aided 
Manufacturing,  Giant  CDR-8721545. 


A  Multigoup  Approach  to  Hectroa  i^etics.  S. 
Clark  and  E.  E.  KunharatTWeDer  Research  Instimte,  Pohiechnic 
Unh-enitv.  Given  initi^  and/or  boundary  conditions,  the 
behavior  of  an  assembly  of  electrons  in  a  gas  can  be  obtained 
&om  solution  of  the  kinetic  equation  for  the  distribution  function, 
f(v,r,t).  By  expanding  the  distribution  in  terns  of  localized 
fuh^ons  in  v-space,  an  equivalent  formulation  can  be  obtained  in 
terms  of  the  expansion  coeSicients.  For  a  set  of  modulated 
gaussian  functions,  the  expansion  coefudents  are  proportional  to 
the  density  of  ’electron  groups*  associated  with  the  localized 
functions.  Equations  of  evolution  for  these  coeSidents  are 
explidty  derived.  With  this  '  nnulatioa,  the  t^iiamical  behavior 
of  the  electrons  in  various  regons  of  velodty  space  and  the 
infbecce  of  the  scattering  process  on  these  ^m^cs  can  be 
eluddated.  Ihis  approach  is  nlustrated  by  numerically  soWing  the 
initial  value  problem  for  the  amph’tude  equations. 


*  Work  supported  by  the  Office  of  Naval  Research. 


TIae  and  Soatlatlv  Dependent  Home  Gsrlo 
Slnulaslons  of  Partially  Ionized  Plassas  Including 
Electron-Electron  Colllalon«.«  Yllln  tfeng  end  Mark  J. 
Kushner.  Untversttv  of  Illinois.  Urbana.  TL. 
Electron-Electron  (e-e)  collisions  are  ii^rtant  in 
describing  the  electron  energy  distribution  at 
fractional  ionizations  >  10*®.  These  collisions  are 
typical not  included  ir^  Konte  Carlo  Slculations  (HCS) 
of  partially  ionized  gases,  lie  have  developed  a  ne« 
cethod  whereby  e-e  collisions  cay  be  included  in  tlce 
and  spatially  dependent  KCS  of  partially  ionized 
plasnas.  The  aethod  is  based  on  the  use  of  a  velocity- 
resolved  background  electron  fluid  (BEr)  as  a  species 
equivalent  to  heavy  atoas.  In  doing  so.  «e  can  use  the 
S3=e  algorithss  as  used  in  treating  e-neutral  collisions 
to  account  for  e-e  collisions.  Since  ooaentua  exchange 
occurs  with  the  BEF.  we  periodically  update  the  velocity 
distribution  of  the  fluid  using  the  interaediatc  results 
during  the  siculatlon.  This  cethod  is  cade  tractable  by 
using  a  cxxllfied  null  cross  section  technique.  As  an 
example  of  the  new  cethod.  we  will  present  electron 
energy  distributions  for  svaras  in  Ar  and  t<2- 
"Ifork  supported  by  KSF  (ECS-SS-157SI). 


The  Effects  of  Particulate  Concaalnatlon  on 
Electron  Transport  in  Clow  Discharges. w  Kichael  J- 
HeCaughey  end  Kark  J.  Kushner.  university  of  Illiiwis, 
Urbana.  IL.  Clow  discharge  devices  such  as  gas  lasers  or 
plasca  deposition  reactors  arc  typically  centasinated  by 
particulate  eatter;  or  dust,  which  results  froa  gas 
phase  cheaical  reactions  or  sputtering  Suff'eient  large 
gas  Niase  particulates  (>  a  few  pa)  will  develop 
negatively  charged  sheaths  which  act  as  scattering 
centers  and  which  perturb  electron  trajectories.  Ve 
report  on  a  hybrid  colecular  dynaaics-Xonte  Carlo 
coeputer  siculatlon  of  electron  transport  In  dusty 
plasans  to  study  these  conditions.  The  sheath  potential 
at  the  dust  surface  is  seif  consistently  solved  for  froa 
the  electron  enprgy  distribution  (EEC)  by  rec'ilring  a 


balance  betweelt  electron  and  ion  fluxes  to  the  surface 
of  the  particles.  The  perturbation  of  the  EED  by  the 
particulates,  and  the  effect  on  •‘lectron  iopact  rate 
coefficients  and  self  sustaining  E/Ii  of  glow  discharges 
are  presented. 

“Ifcrk  supported  by  the  Kational  Science  Foundation 
(CBTSS-03170). 


SESSION  BC:  ELECTRON  DIFFUSION 

Tuesday  morning,  17  October  1989 

Rickeys  Hyatt,  Camino  Ballroom  B  at  11:04  A  AI. 

W.  N.  G.  Hitchon,  presiding 

BC-I 

Diffusion  Theory  of  Electrons  in  a 
Constant  Field:  TOP  Analysis.  30KH  IKGOLD,  GE 
Lighting,  Cleveland,  OH  44112 — Electron 
diffusion  theory  is  based  on  energy cosents  of 
the  scalar  equation  for  the  isotropic  part  of 
the  energy  distribution,  which  is  found  by  the 
spherical  harnonic  expansion  cethod  of  solving 
the  Boltznann  equation.  The  zeroth  energy 
Bosent  gives  the  particle  balance  equation,  or 
diffusion  equation,  and  the  first  energy  sosent 
gives  the  energy  balance  equation.  These  two 
equations  ace  solved  nunerically  in  tire  and 
one  space  dicension  along  the  electric  field, 
including  r.on-equilibriuB  regions  near  the 
electrodes,  with  a  pulsed  source  of  electrons 
at  the  inconing  plane  and  a  perfect  sink  at  the 
outgoing  plane.  Calculated  pulse  widths  for 
constant  cross  section  are  significantly  less 
than  those  obtained  fron  solution  of  the 
diffusion  equation  alone,  using  equilibrius 
values  of  diffusion  coefficient  and  drift 
velocity.  These  results  suggest  that  the 
concept  of  anisotropic  diffusion  is  superfluous 
when  energy  balance  is  satisfied,  i.  e,,  when 
both  density  and  average  energy  are  allowed  to 
vary  in  tise  and  space. 


DGE  Analysis  of  Asymmetric  TpE  Current  Pulses  at 
Digerect  Drift  Distances:  Peienaination  of  V^.  DL  Di  and  Pit 
C-  A-  DENMAN  zed  L.  A  SCHLIE  Advzated  Laser  Techr.olorv 
tHvision  (WLIARPI)  Kirtlacd  AFB.  NM  87I17-6<»S  - 
Previously  reporyd  high-tempoizl-resolutioa  electron  time-of- 
-flight  (TOFJ  experiments  in  tbe  noble  gases  have  enabled  the 
first  observation  of  tbe  higher-order  asymmetric  current  pulse 
shape  characteristics  predicted  by  the  density  gradient  expansion 
(DGE)  theory.  Preliminary  analysis  of  these  skewed  current 
pulses  utiliring  the  second-order  •LfT-ikia  approximation  of  the 
DGE  yidded  values  for  the  drift  velocity  (V'e),  lonpiudinzl 
diffusion  (Dl)  and  the  first  reported  values  for  the  skewness 
diffusion  IDj).  Because  of  the  observed  divergence  of  the 
second-order  diffusion  approximation  fo'  the  largely  skewed 
pulses,  the  analysis  is  extended  to  the  th*ird-order  diffusion 
approximation  yielding  the  higher -order  diffusion  coeHicient  D« 
To  further  assess  the  temporal  behavior  of  the  electron  current 
pulse  as  well  as  provide  a  conristency  check  of  the  analysis,  the 
oii^nal  drift  distance  of  15.7  cm  is  r^u^  by  half.  The  unique 
feature  of  this  sensitive  high-resolution  TOF  apparatus  is  its 
virtual-ground  curtent-to-voliage  amplifier  (-S.-iilO'  V/.A  at  3 
MHn  BW)  which  detects  the  atrival-time-spectra  of  the  dectron 
current  pulse. 

fSapported  by  the  .Air  Force  Office  of  Soeaiific  Research 


Boltzmann  and  Monte  Carlo  Calculations  of 
Hipher-Order  Transport  Coefficients.*  B.  V.  PSXETRANTE 
and  4.  N.  3ARDSLEY,  Lawrence  Livermore  National 
Laboratory  —  The  density  gradient  expansion  theory  is 
only  asymptotically  correct,  and  therefore  can  never 
adequately  describe  non-cquilibrium  boundary  regions 
with  strong  density  gradients.  Nevertheless,  the 
asymptoUc  values  of  the  transport  coefficients  provide  a 
practical  means  by  which  collisional  cross  sections  can  be 
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inferred.  The  higher-order  coefficients,  such  as  the 
skewness,  if  measurable,  may  provide  fot  a  more  unique 
inference  of  cross  section  data.  We  have  performed 
Boltzmann  and  Monte  Cailo  calculations  of  electron 
transport  in  vanous  gases  in  order  to  study  the  sensitivity 
of  the  higher-order  transport  coefficients  to  the  energy 
dependence  of  the  collision  cross  sections.  We  have  also 
computed  the  arrival  time  spectra  of  the  electron  swarm 
under  various  drift  tube  conditions. 

*Work  performed  under  the  auspices  of  the  U.S. 
Department  of  Energy  by  the  Lawrence  Livermore 
National  Laboratory  under  Contract  No.  W-7405-ENG  48. 


Non-linear  Diffiisioa  E.  E.  Kimhardt,  Weber 
Research  Institute.  Polytechnic  I  Jniver.sitv.  A  continuity  equation 
for  the  transport  ofdectron  density  is  derived  using  the  concept 
of  a  macro-kinetic  distribution  (MKD)  for  electrons  in  a 
background  gas.^  In  lowest  order  this  distribution  is  shown  to 
obey  an  equation  that  is  equivalent  to  the  steady-state  Boltzmaim 
equation  with  an  equivalent  field  that  is  velocity  dependent.  An 
ejqilicit  form  for  the  MKD  is  presented  for  the  case  of  a  quasi- 
Lorentz  gas  model.  The  MKD  has  been  used  to  evaluate  the 
electron  current  density  and  to  obtain  expressions  for  the  mobility 
and  diffusion  coefficient.  These  coefficients  are  dependent  on  the 
electron  density  gradient,  so  that  the  resulting  continuity  equation 
is  non-linear.  The  consciences  of  these  results  are  illustrated  for 
the  case  of  constant  collision  frequency. 

’  Work  supported  by  the  Office  of  Naval  Research. 

'  E.  E.  Kunhardt,  J.  Wu,  and  B.  Penetrante,  Phys.  Rev.  A37, 
1654(1988).  - 


SESSION  CA:  PLASMA  PROCESSING 
Tuesday  afternoon,  17  October  1989 
RicKcys  Hyatt,  Camino  Ballroom  C  at  1:30  P.M. 

H.  M.  Anderson,  presiding 

Power  Deposiiion,  PaiTidge  Moniionne,  and  End-Poini 
Deteviion  Using  Photoluminescence  Specuosuop^  in  rf  3iow 
Disuharges.  R.A.  GOTTSCHO,  A.  MITCHELL,  S.J.  PEARTON, 
and  G.R.  SCHELLER,  AT&T  Bell  Laborai-  nes 
Phoioluminescence  tPLj  specuoscopy  is  used  to  measure  wafer 
temperatures,  damage,  and  process  end-poinis  during  rf  plasma 
etching  of  Ill-V  compound  semiconductors  such  as  GaAs  and 
AlGaAs.  To  discriminate  against  the  plasma  glow  and  minimize 
PL  photo  degradation,  we  use  pulsed  excitation  and  gated 
electronic  detection  of  the  PL  intensity.  Exploiting  the  PL  peak 
position  dependence  on  temperature,  we  measure  in  situ  wafer 
temperatures  to  better  than  TC  from  25‘C  to  150’C.  Thus,  power 
deposition  to  the  surface  is  determined  as  a  function  of  discharge 
frequency,  gas  composition,  applied  power,  and  pressure.  Because 
PL  intensity  is  inversely  proportional  surface  state  densiiy,  it  is 
a  useful  and  quanuiative  measure  of  surface  dam.igc  and  iht 
effectiveness  of  damage  passivation  processes.  We  repon  results 
from  BCI3  plasma  etching  of  AICaAs  and  CaAs  under  a  vaiiety 
of  ccndst'cns  2nd  sho’.v  hew  pl2sm2' induced  durnu^c  is  removed 
using  Hy  plasma  treatments.  We  also  show  now  PL  can  be  used 
in  process  end-point  detection. 

C  A-? 

"  •  Effects  of  Feed  Gas  Impurities  on  Che  Plasma 
Etching  of  Polvslltcon.  G  ZAU  and  H  H  SAWIN,  H.I.T.  - 
-  The  effects  of  different  feed  gas  impurities  on  the 
polysilicon  etching  rata  in  several  plasmas  were 
measured.  Changes  in  the  polysilicon  etching  rate 
typically  correlated  well  the  ion  flux  and/or  plasma 
Induced  emission.  Impurities  containing  oxygen,  water 
and  molecular  oxygen,  can  however  cause  abrupt  etch 
stoppage.  This  is  attributed  to  the  formation  of  a 
surface  oxide  layer.  Host  impurities  had  liCvle  effect 
below  1000  ppm  concentration.  The  most  sensitive 


impurity  was  a  stoichiometric  mixture  of  hydrogen  and 
oxygen  used  as  a  water  substitute.  This  mixture  reduce 
the  etching  rate  of  CF4  and  Cly  plasma  at  about  100  ppm. 
Water  measurements  were  carried  out  using  plasma  induced 
emission  and  mass  spectrometry.  Both  OH*  and  HyO*  ions 
were  detected  with  the  addition  of  the  mixture.  This 
indicates  that  water  is  formed  in  the  plasma  with  the 
addition  of  the  mixture. 

P  A-T 

“  Computer  Simulation  of  the  Dynamics  of  Physical 
and  Chemical  Processes  on  Surfaces.  W.L.  MORGAN,  JILA. 
Unlv.  of  Colorado  &  NIST  and  Klnema  Research.  Monument, 
CO  80132- -I  will  discuss  the  methodology  behind 
simulating  the  dynamics  of  surface  processes  and  will 
present  results  dravm  from  simulations  of  atomic 
collisions  with  silicon  surfaces.  The  most  exciting  of 
these  involve  collisions  of  F  atoms  and  F2  molecules 
with  Si.  In  such  collisions  reactive  chemistry  occurs 
which  can  locally  heat  the  surface  and  wiiich  can  cause 
etching  of  the  surface  with  SiFj^  molecules  as  reaction 
procucts.  The  development  of  two  and  three  body 
potential  functions^  for  the  interactions  of 
combinations  of  silicon  and  fluorine  atoms  now  allows  us 
to  directly  simulate  the  dynamics  of  such  chemsitry  on 
surfaces. 

^F.H  Stillinger  and  T.A.  Weber,  Phys.  Rev.  B  .31,  5262 
(1985),  J.  Chera.  Phys.  88,  5123  (1988);  Phys.  Rev 
Letts.  62,  2144  (1989). 


Surface  Rtacrions  of  Atomic  Chlorine  on  Poivcrvstalline  Ni  and 
Sid  10)  WOLFGANG  MUELLER-MARKGRAF  and  MICHEL  J. 
ROSSI,  Denanmeni  of  Chemical  Kinetics.  Chemistry  Laboratory,  SRI 
Iniemational.  Menlo  Park  CA  94025-Gas-wall  interaction  studies  of 
neutral  transients  arc  thought  to  be  of  prime  importance  in  etching  and 
deposition  processes.  We  have  studi^  in  a  controlled  experiment  the 
sticking  coefficient  and  surface  chemisny  of  Cl(^P3/2)  and  Clf^Pj/z)  on 
polycrystalline  Ni  and  Si(l  10)  in  the  10’^  Torr  regime  in  a  Knudsen 
cell.  TTie  Cl  atoms  were  injected  using  a  pulsed  solenoid  valve 
downstream  from  a  microwave  discharge  in  CI2  or  (TFjCl.  The 
detection  of  both  Cl  species  was  performed  by  [3+2]  Resonance 
Enhanced  Muluphoion  Ionization  (REMPI)  around  405  nm,  whereas 
stable  product  species  were  monitored  by  on-line  phase  sensitive 
cleciion-impact  mass  spectromctiy.  In  addition,  a  necessary  ancillary 
experiment  of  Cl  interaction  with  Teflon  (PTFE)  had  to  be  performed  in 
order  to  search  for  an  "inactive"  wall  material.  The  results  reveal  a 
surprisingly  large  variation  of  the  Cl  sticking  coefficient  on  the 
examined  surfaces,  ranging  from  lO"®  to  essentially  1.0.  Kinenc  model 
calculations  support  the  results  in  cases,  where  the  Cl  atom  decays  are 
complex.  They  thus  reveal  details  of  their  inieracnon  at  subsiannal 
coverages,  for  example  in  the  Cl/Ni  case,  where  some  thermodynamic 
data  are  known. 


Radiation  Dawaoe  to  Sil.\con  by  Coiabined 
Microwave  and  RF  Plasma  Reactive  Ion  Etching  Y. 
TZENG,  T.H.  LIN  and  C.C.  TIN> Department  of 
Electrical  Engineering.  Auburn  Universirv — We 
have  investigated  the  radiation  damage  caused 
by  ion  bombardment  during  reactive  ion’  etching 
of  silicon  in  a  combined  microwave  and  RF 
reactive  ion  etching  reactor.  Microwave  plasma 
is  used  to  generate  high  density  ,  reactive 
species.  •  RF  power  is  applied  to  a  substrate 
for  adjusting  the  RF  self-bias  as  well  as 
exciting  plasma  species  in  the  down-stream  of 
the  microwave  plasma.  By  controlling  the 
substrate  temperature,  the  rate  of  chemical 
reaction  is  adjusted.  The  ion  bombardment 
enhanced  the  vertical  etching  rate  and  thus 
provide  high  etching  anisotropy.  The  silicon 
wafer  etched  by  this  plasma  is  used  to 
fabrica . a  electronic  devices  for 
characterization.  Current-voitage  measurement 
as  well  as  DLTS  analysis  are  applied  to 
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correlate  the  plasma  etching  conditions  with 
radiation  damage.  From  this  study,  the  etching 
of  silicon  using  the  combined  microwave  and  RF 
plasma  can  be  optimized. 


Plasma  Etching  of  Y-Ba-Cu-Oxide  Thin  Films.  M.  R. 
POOR  and  C.  B.  FLEDDERMANN,  Center  for  High  Ttchnolonv 
Materials.  U.  of  New  Mexico  --  The  coniinerclal  tiablllt)  of 
electronic  applications  of  hlsh  temperature  superconducting 
ceramics  will  tcquire  the  development  of  technologies  for 
patterning  thin  fiims  into  devices.  Studies  of  piasma  etching  of 
Y-Ba-Cu-Oxide  thin  films  have  been  initiated  using  a  diiute 
chlorine/helium  mixture  in  a  d.c.  hollow  cathode  discharge 
configuration.  Unannealed  thin  films  deposited  on  alumina 
substrates  arc  etched  over  a  wide  range  of  pressure,  input  power, 
substrate  temperature  and  substrate  bias.  Energy  dispersive 
spectroscopy  (EDS)  is  used  to  detect  the  changes  in 
stoichiometry  u  .dergonc  by  the  fiims  during  etching.  The  etch 
rate  of  these  films  Is  highly  dependent  upon  substrate 
temperature,  and  our  measurements  show  that  the  rates  of 
etching  of  the  metallic  components  of  the  film  by  chlorine  arc 
not  the  same:  copper  is  most  readily  removed,  followed  by 
barium  and  yttrium.  The  dependence  on  discharge  parameters  of 
the  etch  rates  of  the  individual  metals  as  well  as  the  overall  film 
etch  rales  will  be  discussed. 


Positive  ion  formation  in  nositive  polarity  SF,  corona 
discharges.'  I.  Sauers  and  G  Harman,  Oak  Ridge  National 
Laboratorv.--Positive  ions  were  sampled  into  a  mass 
spectrometer  from  a  positive  point-to-plane  corona  discharge 
in  SFj  in  the  pressure  range  10-200  torr.  Under  moderately 
dry  conditions  (typically  less  than  100  ppm,  HjO)  the  ion 
fragments  SFj*,  SFj*,  and  SFj*  were  the  major  ions  observed. 
The  intensity  ratios  of  SFj*  and  SFj*  to  SFj^  are  similar  to 
those  observed  for  electron-impact  ionization  of  SFj  at  ~30 
eV  electron  energy.  A  weak  SF*  ion  was  also  observed. 
Since  the  threshold  for  SF*  formation  by  electron  impact  is  31 
eV,  considerable  electron  energy  is  apparently  available  in  the 
discharge.  The  absence  of  SF4*  and  possible  reactions  will 
also  be  discussed. 

'Work  supported  by  the  Office  of  Energy  Storage  and 
Distribution,  Electric  Energy  Systems  Program,  US 
Department  of  Energy  under  contract  DE-A(IX)5-840R21400 
with  Martin  Marietta  Energy  Systems,  Inc. 

SESSION  CB:  HEAVY  PARTICLE  AND 
EXCITED  STATE  COLLISIONS 
Tuesday  afternoon,  17  October  1989 
Rickeys  Hyatt,  Camino  Ballroom  D  at  1:30  P.M. 

M.  R.  Flannery,  presiding 

Association  Reavitlons  oi  Metastable. 
Helium  Atoms.  J.  STEVEFELT,  GREHI/CNRS.  U..  Of 
Orldans.  France  -  Theoretical  description  of 
termolecular  association  of  helium  triplet  atom 
with  normal  helium  in  a  gas  will  be  presented. 
The  initial  capture  involves  barrier  tunneling 
in  the  He  a  Z  state,  and  the  subsequent  rela¬ 
xation  of*higliTy  excited  vibrational  and  rota¬ 
tional  states  will  be  discussed.  Results  for 
the  overall  rate  at  which  the  product  He  '/=0 
appears  will  be  compared  with  measured  riacticn 
rates  for  the  metastable  atom-molecule  con¬ 
version  . 

Half  Collision  Studies  of  the  H  -f  H?  Transition  State 
P.  C.  COSBY  AND  H  HELM,  SRI  Intemational  -  Charge  transfer  of 
H3  in  Cs  produces  an  intense  beam  of  H3  molecules  in  the  long-lived 

state.  We  have  recently  demonstrated*  that  these  molecules  can 
be  photoexcited  mto  other  H3  excited  states  which  predissoaate  along 
the  repulsive  ground  electronic  state  surface.  The  opdeal  extitaiion 


completely  defines  the  angular  momentum,  vibrational,  and  nuclear 
spin  state  of  the  dissociating  molecule,  as  well  as  its  total  energy.  The 
cbscretc  energy  releases  that  accompany  ihe  production  of  particular 
rovibrauonal  levels  in  the  H2  photofragment  are  observed  by  explicit 
measurement  of  the  velocity  vectors  of  the  correlated  H  +  H2 
dissociation  fragments.  The  rovibrational  distribution  in  the  H2 
fragment  is  found  to  be  highly  dependent  on  the  transition  state 
selected.  Inin  xperimenis  have  thus  far  probed  only  a  few  transition 
state  configi  is  at  energies  7.6  -  8.,1  eV  above  the  H  +  H2(v=0) 
asymptote,  ho  i..  much  lower  energy  regions  of  the  ground  state 
poiennal  will  I,  autessible  using  stimulated  emission  pumping  with  this 
technique. 

*P.  C.  Cosby  and  H.  Helm,  Phys.  Rev.  Lett.  61,  298  (1988), 

.Study  of  Low-Energy  Electrcn-Molecule  Interactions  Using 
Rvdberf  Atoms."  F.  B.  DUNNING,  Rice  Univer.sitv  --  Many 
collision  processes  involving  atoms  in  high  Rydberg  states  (n  ^  40) 
can  be  described  by  invoking  the  "essentially-free"  electron  model  and 
considering  only  the  interaction  between  the  Rydberg  electron  and 
target  particle.  Thus,  because  the  mean  kinetic  energy  of  a  Rydberg 
electron  is  only  a  few  meV,  Rydberg  atom  collision  studies  provide  a 
novel  means  to  explore  electron-tnolccule  interactions  at  subthermal 
electron  energies.  Rate  constants  and  cross  sections  for  free  elecuon 
capture  by  a  variety  of  molecules  have  been  derived  from  Rydberg 
atom  studies.  Translational  energy  release  in  dissociative  electron 
capture  has  also  been  investigated  in  kinematic  studies  using  a  position 
sensitive  detector.  This  work  reveals  that  for  some  molecules  (c.g. 
CH3I)  essentially  all  the  excess  energy  of  rcacoon  appears  in  transla¬ 
tion,  whereas  for  others  (e.g.  CCI4)  much  of  this  energy  is  stored  as 
internal  energy  in  the  fragments.  Kinematic  studies  also  show  that  for 
miermediaie  n  post-attachment  interactions  between  the  Rydberg  core 
ion  and  product  negative  ion  are  important. 

’Research  supported  by  the  NSF  under  Grant  #PHY87-09637  and  the 
Roben  A.  Welch  Foundation. 

Recomblnatlon  .Qf  Xeji  lons  and  F-  Ions  In  Ambient 
H,S  Lee  and  R.  Johnsej),  University  of  Pittsburgh 
—  We  have  determined  rate  coefficients  for  Ion-Ion  recom¬ 
bination  of  Xe*  with  F"  Ions  by  observing  the  decay  of  the 
Ionic  conductivity  In  a  photolonized  helium  afterglow 
plasma  (helium  pressures  <  l  at.)  containing  admixtures  of 
Xe  and  F2.  In  addition,  we  observed  the  fluorescence 
resulting  from  lon-lon  recombination  Into  the  XeF*  exclmer 
state,  and  we  monitored  the  Ion  composition  of  the  plasma 
by  mass-spectrometric  sampling  of  afterglow  Ions  The 
recombination  coefficients  were  found  to  increase 
approximately  linearly  with  helium  pressure,  reaching  a 
value  of  about  IxlO'^cmVs  at  a  helium  presssure  of  1  at.. 
The  results  will  be  compared  to  theoretical  calculations  by 
Flannery  and  Yang  '  and  to  Monte  Carlo  simulations  by 
Morgan  et  al. . 

1.  M.R  Flannery  and  T.P.  Young,  Appl.  Phys.Lett.  22,  574, 
(1978) 

2.  W.L.  Morgan  et  al.  Phys.  Rev.  A  26 , 1 696  ( 1 982) 

*  Work  supported  by  US  Army  Research  Office 
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H.  Helm,  presiding 

^  ^  Cylindrical  Simulations  of  RF  Plasma  Discharges  and 
Plasma  Immersion  Ion  Implantation*,  M.V,  ALVES**,  V  VAHEDI, and 
C.K.  BDIDSALL,  ERL,  UC  Berkeley  —  A  cylindrical  many  particle 
simulation  code,  FDCl,  has  been  used  to  model  1)  RF  discharges  it. 
which  the  electrodes  have  ditierent  areas,  and  2)  plasma  immersion  10. 
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implantation,  where  the  target  has  a  transient  negative  bias.  PDCl  is 
a  ID  radial,  electrostatic  code.  It  has  an  extenial  circuit  with  an  RF 
source  and  RLC  components  and  has  an  electron-neutral  and  ion-neutral 
collision  model  the  same  as  in  POWl’.  The  differences  between  hav¬ 
ing  parallel  planar  and  concentric  cylindrical  electrodes  are  examined. 
In  particular,  with  RF  discharges,  the  self-bias  voltage  at  the  powered 
electrode  is  measured  and  compared  with  theory’. 

•This  work  supported  in  part  by  DOE  contract  DE-FG03-86ER53220 
and  ONR  contract  N00014-85-K-0809 

“On  leave  from  INPE  -  S.  J.  Campos  -  SP  -  Brazil 

[1]  I.  J.  Morey,  V.  Vahedi,  J.  P.  Verboncoeur,  to  be  presented  at  this 
conference. 

[2]  M  A  Lieberman,  J  Appl,  Phys.  65,  4186  (1989). 

E-2 

Particle  Simulation  Code  for  Modeling  Processing  Plasmas*, 
I.J.  MOREY,  V.  VAHEDI,  J.  VERBONCOEUR  and  M.  A.  LIEBER¬ 
MAN,  ERL,  UC  Berkeley  —  The  bounded  plasma  particle  code  PDWl’ 
now  has  elastic,  excitation,  ionization  and  charge  exchange  collisions,  so 
that  a  number  of  different  processing  plasmas  can  be  simulated.  RF  dis¬ 
charge  simulations  have  shown  rectification  of  the  plasma  potential,  ions 
responding  to  the  average  potential,  sheath  heating  and  joule  heating. 
Both  voltage  and  current  driven  RF  discharges  have  been  examined,  and 
differences  have  been  observed  between  the  harmonic  contents  of  the  po¬ 
tential  Ion  velocity  distributions  at  the  boundaries  exhibit  features  due 
to  charge  exchange  and  ionization  within  the  sheath  regions.  Plasma 
immersion  ion  implantation  simulations  will  be  compared  with  theory’. 
The  PC  version  of  PDWl  has  many  quanitative  diagnostics  displayed  in 
a  window  format,  readily  accessed  using  a  menu  system. 

■This  work  supported  in  part  by  DOE  contract  DE-f  G03-86ER53220 
and  ONR  contract  N00014-85-K-0809. 

(1)  W.  S.  Lawson,  J.  Comp.  Phys.  80,  253  (1989). 

(2)  M.  A.  Lieberman,  to  appear  in  J.  Appl.  Phys.  (Oct  1989). 

DC  Self-Bias  Voliaces  in  Low  Pressure  Discharges  in  Finiie, 
CylUhtoAl-ChambtfS.  M.A.  lieberman.  Un.  .'crsiiY  of  California.  Berkeley. 
and  S.E.  SAVAS,  Applied  Maierials.  Santa  Clara  —  We  have  developed  a 
theory  of  dc  bias  formation  in  low  pressure  capacitive  rf  discliarges  in  &mtc 
cylindrical  chambers  where  the  powered  elecuode  area  is  less  than  the  area  of 
the  grounded  and  insulating  walls.  Results  of  analytical  and  numerical  calcula¬ 
tions  are  shown  Both  of  these  assume  that  ionizauon  is  simply  proporaonal  to 
the  elecffon  density.  The  analyucal  model  makes  further  assumpuons  that  the 
ion  mobility  is  constant  and  that  die  sheaths  are  purely  capaciuve  m  order  to 
calculate  the  rauo  R  =  plasiria  lo-powercd  /  plasma-io-grounJcd  electrode  dc 
voltage.  It  is  found  that  R  is  not  pruportional  to  any  power  of  the  electrode 
area  ratio,  as  is  so  often  assumed  The  numerical  results  use  a  variable  ion 
mobility  and  rf  sheath  model  tneorporaong  phase  dependent  admittance  and 
capacitance  lo  compute  self-consistent  salues  of  R .  Non  aero  sheath  admittance 
is  found  to  have  a  small  effect  on  R.  Comparisons  of  the  model  with  measuic- 
mems''^  will  be  presented, 

1.  J.W.  Coburn  and  E.  Kay.  J.  Appl.  Ph)i.  43. 4965  (1972). 

2.  C.M.  Horwitz,  J.  Vac,  Set.  Technol.  A  1, 60  (1983). 


Parallelizing  the  Monte  Carlo  Simulation  in  Weakly  Ionized 
Plasmas.  C.  J.  Wang,  Department  of  Electrical  and  Computer 
Eneineenna.  U.  of  Colorado  at  Colorado  Spnngs.  and  C.  \Vu, 
Electrical  Engineenne  Department.  Auburn  Universitv.-The  Monte 
Carlo  method  is  a  useful  technique  to  study  the  evolution  of 
charged  particle  assembly.  The  simulation  takes  a  considerable 
amount  of  time,  even  when  few  particles  are  used.  However,  this 
problem  has  inherent  parallelism  in  nature.  Parallel  Monte  Carlo 
techniques  for  simulating  the  evolution  of  an  assembly  of  charged 
particles  interacting  with  the  background  gas  medium  under  the 
influence  of  the  electrical  field  are  presented.  We  have  overcome 
three  major  difficulties.  1)  the  number  of  particles  to  be  simulated 
is  increasing  over  time  due  to  the  ionization  process,  2)  the 
conditional  branching  statements  do  not  inhibit  multlprotussslng,  3) 
concurrency  and  veciorization  are  fully  utilized  through  the  new 


parallelized  Monte  Carlo  method.  The  shared-me.i.ory  vector 
multiprocessor  Alliant  FX/80  has  been  used  for  pf..ormanec 
measurements.  Significant  speedup  has  been  achieved  on  the 
simulation  of  an  electron  avalanche. 


The  Plasma  Sheath  Transition  in  an  Asymmetric  CoUisionless 
Plasma.  H.  van  den  BERG,  K.-U.  RIEMANN.  Ruhr-Universilat  Bochum. 
PRO.  The  plasma-sheath  problem  (XjyL-vO)  for  an  asymmetric  warm 
CoUisionless  plasma  is  solved  in  plane  parallel  geomelty.  To  this  end 
Emmert  *  s  model  source  term  (IJ  is  generalized  to  account  for  a 
superimposed  plasma  drift.  The  quasineuttal  plasma  appronmation  results  in 
a  system  of  coupled  integral  equations  which  can  be  solved  analytically.  In 
contrast  to  Ememrt  *  s  symmetric  model  one  sheath  edge  shows  the  usual 
field  smgularity.  At  the  other  sheath  edge  we  find  a  finite  field  strength  and 
an  oversatisfied  Bohm  criterion.  These  results  are  in  full  agreement  with 
general  relations  on  the  Bohm  criterion  and  on  the  sheath  edge  field 
singularity  [2]. 

(1)  G.  A.  Emmert  et  al.,  Phys.  Fluids  23, 803  (1980). 

(2)  K.-U.  Riemaim,  Phys.  Fluids  Bl,  961  (1989). 

c,  g 

Parametric  Studies  of  Ar  and  SF.e  rf  Discharges  Using 
the  Continuum  Model,  and  Compan.^'vn  with  Expenmenial 
Data.  E  GOGOLIDES,  J.  LIU,  and  H.H.  SAWIN,  MU-  •• 

A  self-consistent  continuum  model’  is  used  to  simulate  Ar 
and  SFj  discharges.  Parameters  that  are  varied  in  the  model 
are  pressure,  rf  current,  and  rf  frequency.  The  effects  of 
these  parameters  on  the  spatial  and  temporal  profiles  of 
particle  densities,  electron  energies,  ionization  rates,  electric 
fields,  and  other  variables  are  examined.  Mode!  predictions 
of  current-voltage  waveforms,  power  deposition,  ion  fluxes 
and  ion  bombardment  energies  arc  in  good  agreement  with 
experimental  data.  The  characteris.ics  of  typical 
electropositive  and  electronegative  discharges,  Ar  and  SF*. 
arc  contrasted.  For  example,  as  power  is  raised,  the  electron 
densities  in  both  the  Ar  and  SF^  plasma  increase,  resulting  in 
an  increase  of  the  current.  In  Ar,  the  voltage  also  increases 
while  in  SF^  it  remains  approximately  constant. 

’Gogolides  el  a!,  J.  Vac.  Sci.  Technol.  A7,  1001  (1989). 

E-7  * 

PIC  Simulation  at  Hieh  Plasma  Densities.  R.  K. 

PORTEOUS  and  D.  B.  GRAVES,  Chemical  Engineering.  U.  of 
■California.  Berkeley  -  As  the  plasma  density  rises  in  a  PIC 
simulation  the  number  of  Debye  lengths  increases  and  usually  the 
grid  spacing  must  be  reduced  to  compensate.  When  the  system 
contains  more  than  10^  Debye  lengths,  or  in  multidimensional 
geometries,  this  rcprcscnis  a  large  overhead.  Funher,  if  the  number 
of  superparticles  per  cell  is  held  constant,  the  total  number  of 
panicles  increases  with  the  number  of  cells  and  inversely  with  the 
Debye  length,  i.e.  as  n^Oi. 

The  lime  for  simulated  plasmas  to  come  to  equilibrium  is  of  the 
order  of  the  ion  residence  time  which  is  approximately  independent 
of  n^.  However  the  timesiep  must  be  kept  at  some  fraction  of  the 
plasma  period  which  decreases  as  nj-O-S.  For  n,  >  lO’^m-^ 
simulations  may  involve  10®  - 10’  timesieps.  . 

These  combined  increases  in  size  and  duration  determine  the 
limitations  of  practical  simulations.  Techniques  for  extending 
simulations  of  time-invariant  plasmas  to  high  densities,  such  as 
panicle  smearing  and  multi-timescaling,  will  be  discussed  and  some 
results  from  such  plasmas  presented. 

“Work  supponed  in  part  by  IBM. 

E-8 

Ion  Bombardment  Enerev  Distributions  from  RF 
Ei3C.ha.rges,  M.  F.  TOUTS,  D.  W.  ERNIE,  and  1 1.  J.  OSKAM, 
U-  of  Minnesota-Experimental  measurements  of  the 
energy  distribution  and  the  flux  of  ions  bombarding  an 
electrode  of  a  parallel  plate  rf  reactor  were  performed  in 
various  noble  gases  and  noble  gas  nriixtures  using  a 


VoJ.  35,  No.  8  (1990) 


1808 


hemispherical  retarding  grid  energy  analyzer.  Quadrupole 
mass  analysis  was  performed  to  identify  the  ions  which 
were  bombarding  the  electrode.  Frequencies  from  1  to 
40  MHz  and  pressures  from  0.025  to  1  Torr  were  studied. 
For  a  given  amplitude  of  the  applied  rf  potential,  the 
frequency  of  the  applied  rf  potential  and  the  reactor  gas 
pressure  were  found  to  be  significant  in  determining  the 
shape  of  the  measured  ion  bombardment  energy 
,stributions  The  total  ion  flux  to  the  electrode  surface  was 
found  to  be  determined  by  the  frequency  and  amplitude  of 
the  applied  rf  potential  and  to  be  insensitive  to  the  reactor 
gas  pressure.  These  results  will  be  discussed  with  reference 
to  the  physics  of  rf  gas  discharges. 

E»9 

A  Tuned  Linemuir  Probe  for  Measurements  in  RF  Glow 
Discharges.  A.P.  PARANJPE’,  J.P.  MCVITTIE"  and  S.A.  SELF*. 
*Dem.  of  Mechanical  Eneineenne  and  **DeDi.  of  Elecmcal 
Engineenng,  Stanford  Universuv.  Stanford,  CA  9430S  - 
Measurements  of  charged  panicle  concentrations  and  the  electron 
energy  distribution  function  (EEDF)  have  been  made  in  argon  and 
SFj  glow  discharges  using  a  nined  Langmuir  probe  technique.  A 
simple  passive  circuit  connected  to  the  probe  when  properly  nined, 
increases  the  impedance  between  the  probe  and  ground,  tliereby 
forcing  the  probe  to  follow  the  instantaneous  plasma  potential.  In 
this  manner  RF  induced  distortion  of  the  probe  characteristic  is 
mitigated.  At  13.56  MHz  the  electron  collection  characteristic  of  a 
detuned  probe  is  distorted  by  RF  interference,  the  ion  collection 
characteristic  is  unaffected.  The  EEDF  is  highly  non-Maxwellian 
in  argon  discharges,  but  quite  Maxwellian  in  SF^  discharges.  The 
mean  electron  energy  increases  with  deacasing  pressure  and 
increasing  power  in  argon  discharges,  but  is  independent  of 
pressure  and  power  in  SF^  discharges.  The  measured  distribution 
functions  and  charged  particle  concentrations  are  in  agreement 
with  calculations. 

Collisiona!  Effects  on  Plasma  Flow  Along  the 
Diveroent  Magnetic  Field  of  an  ECR  Plasma  Stream  Source. 
M.  HUSSEIN  and  G.  A.  EMMERT,  University  of  Wi.qconsin- 
Madison-Plasma  flow  along  decreasing  magnetic  field  lines 
from  the  resonance  cavity  to  the  specimen  plate  in  an  ECR 
plasma  stream  source  is  numerically  simulated.  The 
approach  is  kinetic  in  which  a  Monte  Carlo  description  for  the 
ion  dynamics,  coupled  with  Boltzmann  electrons  is  used  to 
develop  an  iterative  scheme  for  solution  of  the  Vlasov 
equation  and  quasi-neutrality.  Collisions  between  ions  and 
neutrals  are  included  in  the  context  of  Monte  Carlo 
techniques.  The  effect  of  the  divergent  magnetic  field  on  the 
plasma  potential  profile,  the  floating  potential,  and  the  energy 
distribution  of  the  ions  incident  on  the  specimen  are 
presented.  CoIliSional  effects  are  shown  to  produce  a  wider 
ion  energy  distribution  than  that  obtained  with  a  collisionless 
simulation(''). 

(1)  M.  A.  Hussein  and  G.  A.  Emmert,  16th  IEEE  Int. 
Con  on  Plasma  Science,  Buffalo,  N.Y,  22-24  May  1989. 
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A  Comparison  ot  Three  Power  Measurement  Techniques  in 
a  Low  Pressure  RF  Discharge.  R,  B.  PIEJAK,  V,  A.  GODYAK,  GTE 
Laboratories  Inc..  Waltham.  MA  -  The  power  dissipated  in  a  low 
pressure  argon  RF  discharge  driven  symmetrically  at  13.56  MHz 
has  been  measured  in  three  different  ways  and  compared.  One 
measurement  technique  is  just  the  product  of  the  RMS  voltage  and 
current  and  the  cosine  of  the  phase  shift  between  them.  The  second 
method  of  power  measurement  consists  of  taking  the  integral  over 
one  period  of  the  voltage-current  product.  The  third  discharge 
piower  measurement  is  based  on  power  meter  measurements  in  the 
transmitting  line  (incident  minus  reflected  power)  with  and 
without  a  discharge  while  having  the  matcher  in  both  cases  tuned 


to  resonance.  This  enables  the  power  dissipated  in  the  discharge 
and  that  dissipated  in  the  matcher  to  be  calculated  separately.  All 
three  measurements  are  compared  versus  the  discharge  voltage. 

The  power  dissipated  in  the  matching  system  was  found  to  be 
larger  than  the  discharge  power  in  some  cases. 

TIME  -  DEPENDENT  EXCITATION  IN  A  1 .3-MHz  ARGON 
DISCHARGE.  M.J.  Colgan  and  D.E.  Mumick,  Physics  Deoanment. 
Rjitgers  Universitv.Newark  NJ  07102-The  spatial  and  temporal 
dependence  of  Arl  spectral  lines  are  being  measured  in  an  a^gon 
discharge  at  13-MHz  using  the  time-to-amplitude  conversion  method 
on  spatially  resolved  plasma-induced  emission  (PIE).  Using  single 
photon  counting  and  fast  phototubes,  sub-nanosecond  time  resolution 
is  achieved  and  radiative  lifetime  effects  are  observed.  The  discharge  is 
maintained  between  parallel  electrodes  of  equal  area  with  applied  r.f. 
power  between  1  and  5  Watts  at  1  Torr  gas  pressure.  Previous 
measurements  of  this  type  have  been  reported  for  argon  in  a  50kHz 
discharge  with  asymmetric  electrodes'.  Time-dependent  electron 
collision  excitation  rates  can  be  determined  by  deconvolution  of  PIE 
originating  in  2p  (Paschen  notation)  and  higher-lying  levels.  These 
data  may  be  used  in  combination  with  absolute  Is  densities  which  we 
obtain  by  laser  absorption  spcctro.scopy  to  evaluate  and  improve  fluid- 
type  discharge  models^. 


'R.J.  Setbock  and  W.E.  KoMcr,  J.Appl.  Ph)s.  64.  3855  (1988) 
^D.B.  Graves.  J.  Appl.  Phys.  62, 88  (1987) 


Transient  Electron  Kinetics  in  Crossed 
Electric  and  Magnetic  Fields  and  Circularly 
Polarized  Microwave  Field. Hui  and  gT 
Schaefer,  Weber  Research  Institute.  Polytechnic 
University  — The  Monte  Carlo  Flux  method is 
used  to  calculate  electron  velocity 
distribution  functions  in  cases  where  the 
distribution  functions  are  fully  3 -dimensional 
in  velocity  space.  Examples  are  crossed 
electric  and  magnetic  fields  and  circularly 
polarized  microwave  fields  with  and  without 
crossed  magnetic  field.  Steady  state 
distributions  and  time  dependent  distributions 
after  step-wise  changes  of  the  electric  and  the 
magnetic  fields  will  be  presented.  The 
similarity  relations  between  crossed  electric 
and  magnetic  fields  and  microwave  fields  will 
be  discussed. 

*Work  supported  by  the  NSF 

^G.  Schaefer  and  P.  Hui,  Submitted  to  J.  Comp. 
Phys.,  to  be  published. 


^  Experimental  and  Thtoretical  Longitudinal  Electron 
Diffusion  Coefficienta  in  Molecular  Gases.  J.  L.  PACK,*  R  E 
VOSHALL,  A.  V.  PHELPS’^  and  L.  E.  KLINE,  Westinghouse 
STC,  Piitsburgh,  PA  15235  —  Values  of  the  ratio  of  the 
longitudinal  diffusion  coefficient  to  mobility  (D^//i)  for  electrons 
in  Dj,  Nj,  HjO,  NjO,  NOj,  CO,  COj  and  NH^  were  obtained 
during  earlier  -measurements  of  electron  mobility.  The  measured 
Dj^//i  values  agree  well  with  predictions  based  on  the  theory  of 
Parker  and  Lowke.  The  experimental  values  of  where 

D.J,  is  the  transverse  diffusion  coefficient,  are  about  0.5  for  Dj, 
Nj  and  CO  in  agreement  the  theory.  The  experimental  Dj^/D.p 
values  for  HjO,  NjO  and  COj  are  >  1,  also  in  agreement  with 
theory.  The  occurrence  of  values  >  1  near  and  below 

the  peak  of  the  vs  E/N  curve  is  caused  by  the  decrease  in 
the  momentum  transfer  cross  section  with  increasing  electron 
energy  below  the  Ramsauer  minimum.  Calculated  transport 
coefficients  are  given  for  E/N  values  from  thermal  E/N  to  10  Td. 
*  Present  address,  3853  Newton  Drive,  Murrysville,  PA  15668. 

+  Present  add  css,  Joint  Institute  for  Laboratory  Astrophysics. 
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^  Phoiodeiachmeni  Technioue  for  Measuring  H-Velociiies  in 
a  Hydrogen  Plasma.  P.  DEVYNCK.  M.  BACAL,  P.  BERLEMONT, 

J.  BRUNETEAU.  R.  LEROY,  and  R.  A.  STERN*  Ecole 
Poivtechnique.  Palaiseau.  France--We  repon  work  in  progress  on  laser 
diagnostics  of  negative  ion  transport  velocity  in  H'  ion  volume  sources. 
The  plasma  dynamics  after  the  laser  shot  is  ^scussed  in  detail,  and  the 
effect  of  the  plasma  potential  perturbation  on  the  H'  is  evaluat^.  A 
method  of  evaluation  of  the  H‘  transport  velocity  from  single  laser  beam 
photodetachment  experiments  is  proposed.  To  substantiate  this 
method,  two  laser  beam  photodetachment  experiments  have  been 
developed.  The  velocities  thus  determined  are  pressure  dependent,  they 
correspond  to  H'  energies  in  the  range  0.23  to  0.08  eV. 

(Work  supported  in  pan  by  Direction  des  Recherches,  Etudes  et 
Techniques,  and  the  Oak  Ridge  National  Laboratory) 

♦Permanent  address:  University  of  Colorado,  Boulder,  CO 
1  6 

Fokker-Planck  Swarm  Energy  Spectrum,  N.J.  CARRON, 
Mission  Research  Corp  -  A  Fokker-Planck  expansion  in  energy 
space  of  the  Boltzmann  collision  integral  for  electron  swarms,  valid 
for  small  fractional  energy  loss,  is  presented  and  studied.  Treating 
angle  variables  in  a  two  term  Legendre  series,  there  results  a  use¬ 
ful,  physically  meaningful,  differential  equation  for  the  spectrum 
evolution  in  a  time  varying  electric  field.  Elastic,  inelastic  and 
super-elastic  collisions  are  included.  The  time  independent  solu¬ 
tion  in  a  constant  field  gives  an  approximate  expression  for  the 
steady  state  swarm  energy  spectrum.  The  physical  meaning  of  its 
functional  form  is  made  clear  via  ordinary  convection-diffusion  the¬ 
ory.  Previous  spectra  by  Wannier;  Chapman  and  Cowling;  Morse, 
Allis,  and  Lamar;  Davydov;  and  Druyvesteyn  are  special  cases. 
The  new  spectrum  is  exact  in  the  limit  orsmall  quantum  transi¬ 
tion  energies.  The  reasons  for  the  inadequacy  of  the  Continuous 
Slowing  Down  A  oximation  (CSDA)  become  apparent,  and  it 
is  shown  that  the  v,oDA  violates  detailed  balance.  The  spectrum 
is  used  with  experimental  cross  sections  to  compute  transport  co¬ 
efficients  in  0}  and  Nj,  in  which  fractional  energy  loss  is  small  at 
most  energies.  Agreement  with  swarm  data  is  excellent  from  .01 
to  100  Td  for  most  coeffici'  'ts. 

E*1 7  • 

PaUicIt  Focusiip;  Usinx  T^o-Staw  Iw:  Ablalion,*  K  D.  BONIN 
and  M.  A.  KADAR-KALLSN,  Princeton  —  tye  h  wt  used  two.$l3ge  laser 
abliUon  lo  produce  a  focused  bcarn  of  neutrals,  ions,  and  clusters.^  The  tech- 
niqu;  has  enabled  us  lo  gener-is  «  collimated  .beam  e.nO  beams  which  arc 
focused  in  one  and  two  dimensions.  For  a  boriun.  beam  focused  m  two  di¬ 
mensions  oter  a  distance  of  10.7  cm  the  on-aais  density  was  measured  to  be 
5x  10”  ato.-ns/cm’.  An  on-axis  density  of  10”  v-oms/cm’  was  n.eas-rCG  for  a 
collimated  beam  at  the  same  distance  The  particle  beam  is  produced  by  a  two 
stage  process  In  the  first  stage  a  pulse  from  the  ablating  l.ser  (a  -c  532  tm) 
strikes  a  barium  slab  in  a  vacuum  chamber  (10‘‘  iorr)  in  front  of  a  ,ia,isi,ar- 
ent  substrate.  The  distance  between  the  solid  barium  slab  and  the  substiate  is 
0.5  cm.  Material  is  removed  from  the  barium  slab  and  is  deposited  as  a  thin 
film  on  the  substrate  A  rotating  stage  then  moves  the  barium  and  replaces 
it  with  a  hole  in  front  of  the  now  coated  substrate.  The  laser  is  pulsed' again, 
ablating  the  barium  deposited  on  the  substrate  and  forming  a  beam  w-hich 
propagates  freely.  The  particle  beam's  focusing  properties  are  determined  by 
the  shape  of  the  substrate's  surface,  hfaterial  deposited  on  a  cylindrically  or 
spherically  cursed  glass  substrate  is  focused  to  its  center  of  curvature.  A  quartz 
crystal  microbalance  (QCM)  was  used  to  measure  the  total  mass  deposited  by 
the  focused  barium  beam.  This  technique  should  be  especially  useful  to  those 
interested  in  producing  atomic  beams  of  refractory  elements. 

‘Supported  by  DOE  LLNL/DOE  S/C  1133303  and  ARO  DAAL-87-K-0068. 

^.M.  A.  Kadar-Kallen  and  K.  D.  Bonin,  Appl.  Phys.  Lett.  54,  2296(1989). 


conditions  of  the  problem.  The  approximation 
can  be  improved  by  identifying  the  coefficients 
for  the  net  production  of  charges  a  posteriori. 
This  approach  allows  for  largely  non-numerical 
solutions  of  some  validity.  When  the  electron 
and  plasma  are  at  equal  temperature,  reasonable 
results  are  obtained,  for  nitrogen  which  at 
sufficiently  low  currents  are  realistic.  The 
second  case,  however,  yields  only  unreasonable 
answers  which  are  thought  to  be  related  more  to 
the  inadequacy  of  the  planar  geometry  model 
than  to  the  approximation  of  the  electric  field 
distribution.  Conceivably,  the  reactivity  of 
the  sheath  can  also  drive  the  problem  to  a 
multi-dimensional  mode  for  equal  electron  and 
plasma  temperatures. 


”  The  Universal  Respuctering  Curve.  W.L.  MORGAN, 
Ktneroa  Research.  Monument:,  CO  80132--Recent 
measurements'*’  of  the  fraction  of  material  resputtered 
during  rare  gas  sputter  deposition  of  metals  have  shown 
what  appears  to  be  a  universal  curve  for  fraction 
resputtered  versus  a  dimensionless  mass  parameter  for  a 
wide  range  of  metals  and  rare  gases.  I  will  present  the 
results  of  Monte  Carlo  trajectory  simulations  and 
theoretical  analyses  that  provide  some  insight  into  the 
reason  for  this  universal  behavior.  The  analysis 
provides  a  simple  analytical  model  that  can  be  used  to 
estimate  the  contributions  to  resputterir.g  from  the 
target  atoms  being  deposited  and  from  the  reflected  rare 
gas  atoms  in  the  sputtering  system. 

^D.W.  Hoffman  and  J.S.  Badgley,  J.  Vac.  Sci.  Technol. 

A  1,  1791  (1987):  ibid.  6,  1691  (1988),. 


OBticalJPiaEiiosligs  of  Spuncred  Mtial  Aioms  in.PC  and  RF 
Dischai-fcs.  G.M.  JELLUM  and  D.B.  GRAVES,  Department  of 
Chemical  Engineering.  University  of  C^alifomia.  Berkeley  ~  A  study 
of  the  gas  phase  metal  species  sputtered  from  electrodes  of  DC  and 
RF  discharges  has  been  earned  out  using  various  discharge 
diagnostics.  In  particular,  time-  and  space-resolved  laser  induced 
fluorescence  (LIF)  and  optical  emission  spectroscopy  (OES);  and 
space-resolved  laser  absorption  and  Lan^uir  probes.  The  discharge 
conditions,  gases,  and  electrode  materials  have  been  varied  to 
examine,  systematically,  the  effects  of  electrode  sputtering:  the 
pressures  have  been  varied  from  0.03  to  3  torr  and  powers  up  to  1.5 
'W/enfl.  A  dramatic  difference  is  found  between  the 
spatially-resolved  optical  efnission  and  laser  induced  fluorescence 
signals;  this  difference  cannot  be  accounted  for  by  considering  only 
the  electron  density/energy  dependence  of  the  OK  signal.  A  laser 
pump/probe  experiment  shows  the  gas  phase  metal  species  is  not  a 
neutral  atom,  we  speculate  that  this  .species  is  a  negatiyely  charged 
metal  cluster.'The  creation  and  loss  mechanisms  of  this  species  are 
examined  by  combining  the  diagnostics  with  a  pulsed  discharge. 


ElBCrntlCAL  CCNDOCnVnY  of  high  pressure  XONIZED 
NON.*  J.  Kicx5ei6  and  S.  Popovid,  Irtstitute  of  Physics, 
arade.  Yugoslavia. —  Radial  'taiperature  distributions 
and  voltcjipere  characteristics  were  used  'to  evaluate 
electrical  conductivity  of  hi^  pressure  ionized- xenon. 
This  es^eriment  c»nfirtrs  the  influence  of  dense  plasma 
corxliti^s.  on  transport  prt^serties  of  xenon  plasmas. 
Possible  contribution  of  excited  states  arxd  ion-acoustic 
turbulcress  to  the  electron  transport  were  also 
discussed- 

♦Submitted  by  L.  Vuskovic 


Two  Approximate  Sheath  Solutions  for  a 
Planar  plasma  Anode,  O.  BIBLABZ,  GTE  Products 
Corporatiori,  Danvers,  HA  01923.  Solutions 
to  the  anode  sheath  have  been  obtained  when  the 
electron  and  plasma  temperature  are  equal  and 
when  the  electron  is  substantially  above  the 
plasma  temperature.  A  single,  highly  nonlinear 
equation  for  the  electric  field  at  the  sheath 
is  derived.  A  description  for  this  electric 
field  is  used  which  does  not  satisfy  all  the 


ElenriC-EcM  in  Sj:,?  Nanow  Tube  Low  Pfes^iire  Hz-Ar  Electric 
Di«:harge  Lamn.^.*  G.ZisSiS,  .  Bindlniy,  JJ.Damelincourt,  C.P.A.Touloiise 
France  -  We  report  here  Lhi  fu.,l  ne^cured  and  calculated  values  of  elccinc  field 
suenglh  in  super  narrow  tube  (diamevereS  mm)  low  pressure  Hg-Ar  lamps.  In  our 
cxpe.'imenial  apr  -.ieius,  the  cold  spot  temperature  could  be  fixed  to  within  ±2'C  by 
usmg  an  oil  cu.uiauon  around  the  lamp.  Measurementsof  electrical  field  have  been 
carried  out  for  three  different  diameters  and  for  two  different  cuircnis  (20  and  40mA) 
using  a  high  frequs  v:y  power  supply  (28  kHz),  the  rare  gas  pressure  was  15  Torr 
(24°C)  in  all  cases. .  he  expenmenta!  accuracy  has  been  esumated  to  be  ±6%  in  all 
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cold  spol  temperature  range  (-15  to  85  ”0).  We  observe  that,  electric  field  remains 
almost  constant  (within  18%)  as  a  function  of  cold  spol  temperature  and  its  absolute 
value  has  been  found  to  be  several  Volis/cm  depending  on  the  tube  radius  and 
discharge  current  The  electric  field  has  also  \xtn  calculated  by  using  a  self 
consistent  collisional  radiauve  model.  Diffusion  controlled  posiuie  column  has 
been  taken  into  account,  and  a  non  Maawetlian  elccuon  energy  distribution  function 
as  proposed  b;  Lagushenko’ ,  has  been  used  Our  calcubted  values  arc  in  very  good 
agreement  (within  ±15!-)  with  the  experiment  for  T5s>30'C.  but  important 
dis  repancies  have  been  found  for  the  lower  cold  spot  temperatures  This  later  may 
be  explained  by  taking  into  account  the  possibility  of  rare  gas  ionization  which  may 
occur  in  these  cases  b«ause  the  elevated  elccuon  temperature  (>2(XXX)K). 

*Work  supported  in  pan  by  CIE  Philips  Eclairage,  Pont-4-Mousson,  France 

1R.  Lagushenko  and  J.  Maya.  Journal  of  lES,  14. 306  (1984) 
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Low  Electric  Field  Measurements  in  Plasmas. 

J.  R.  SHOEMAKER,  Wright  Research  and 
Development  Center.  WPAFB  OH  -  Low  electric 
fields  in  plasmas  have  previously  been  measured  using 
Inglis-Teller  series  termination  and  line  broadening 
of  high  n  (Rydberg)  states  of  atoms.  A 
misinterpretation  in  the  definition  of  series 
termination,  which  has  been  propagated  in  the 
literature  for  the  past  50  years  is  shown  to  change 
measured  field  values  by  a  factor  of  two.  The 
incorporation  of  instrumental  resolution  in  the 
derivation  of  the  series  termination  relation  is  shown 
to  alter  field  values  significantly.  Problems  with 
applying  hydrogen  line  broadening  theory  to  triplet 
and  singlet  helium  are  discussed,  as  well  as  a 
correction  for  hydrogen. 

Model! IPO  of  a  surface  wave  sustained  heliua 
disctiaroe  at  low  pressure.  *  S.OAVIAUD,  G.60USSET, 
J.MAREC.  LPGP.  Univ.  Paris-Sud.  Orsav.  FRANCE 
A  collisional  radiative  model  has  been  realized  to  model 
helium  surface  wave  discharges  at  low  pressure  (  0.5-10 
Torr)  with  an  electron  density  of  10'^  to  lO'^cm'^.The 
calculated  values  of  the  2^S  and  2^P  densities  ire  in 
good  agreement  with  the  densities  measured  by  a 

selfabsorption  technique.  Furthermore,  the  model 
describes  well  the  characteristics  u  (effective 

collision  frequency  for  momentum  transfer)  and  0  (power 
needed  to  maintain  an  electron),  which  had  been 
previously  obtained  experimentally  Using  the  model, 
the  main  mechanisms  occuring  in  the  discharge  are 
studied:  the  plasma  is  stepwise  excitated  by  electron 
collisions. 

'Work  supported  in  part  by  Hicrocontrole,  Evry,  FRANCE 
'S.DAVrAUD,  C.BOISSE-LAPORTE,  P.LEPRIHCE,  J.MAREC. 

J.  Rhys.  D  (Appl.  Phys.)  22(6)  (1989)  770 
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VUV  Spectroscopy  of  an  ftrgon  Surface  Wave  Plasraa 
with  Supersonic  Flow*,  M.  E.  BANNISTER,  J.L.  CECCHI,  G. 
SCOLES,  Princeton  University  —  The  VUV  emissions  from 
the  supersonic  expansion  of  an  argon  plasma  sustained  by 
electromagnetic  surface  waves  are  studied.  A  2.45  GHz 
surfatron^  excites  the  plasma  in  a  4  mm  I. D.  quartz  tube 
which  is  terminated  by  a  converging  nozzle,  which  pro¬ 
duces  supersonic  flow  into  a  vacuum  chamber.  Variations 
in  the  spectra  in  the  60-150  nm  range,  including  fea¬ 
tures  associated  with  Ar2  excimer  emission,  are  inves¬ 
tigated  as  functions  of  discharge  pressure,  nozzle 
diameter,  and  absorbed  power.  Emission  spectra  with 
and  without  a  liminous  expansion  jet  are  compared.  In 
addition,  a  scheme  for  the  breakdown  of  the  supersonic 
expansion  is  proposed  based  on  experimental  results. 

•Work  Supported  in  part  by  u.S.  Department  of  Energy 
Contract  f‘DS-AC02-76CH03073 

^M.  .Moisan,  C.  Beaudry,  P.  Leprince,  Phys.  Lett.  50A, 

125  (1974). 


Simulation  of  Electron  Avalanches  near  a  Gas-Solid  Inter¬ 
face.  S.  M.  Mahajan  and  K.  W  Lam,  Tennessee  Technoloeical  Univer¬ 
sity  -  -  -  Electron  avalanches  near  a  solid  dielectric  surface  in  nitro¬ 
gen  gas  (at  0.1  MPa)  have  been  simulated.  The  electrons  are  assumed 
to  propagate  primarily  in  the  gas.  Nearby  solid  dielectric  surface  has 
been  included  in  the  simulation  via  (i)  non-uniform  electric  field  and 
(ii)  photoemissive  contribution  to  the  ongoing  avalanche  in  the  gas. 
Photoemission  from  the  solid  dielectric  surface  has  been  assumed  to 
be  most  effective  near  the  tip  of  the  ongoing  avalanche.  Field  enhance¬ 
ment  near  cathode  triple  junction  and  field  reduction  near  anode  triple 
junction  describes  the  non-uniform  electric  field  along  the  length  of  the 
solid  dielectric.  Electron  avalanches  have  been  simulated  with  several 
different  electric  field  profiles  (linear,  exponential,  and  step  function), 
and  at  various  values  of  electric  fields. 

Results  indicate  that  if  a  nearby  solid  dielectric  has  reasonably 
high  value  of  photoemission  coefficient,  then  the  surface  fiashover  could 
occur  at  relatively  low  values  of  electric  field.  Experimental  data  on 
photoemission  coefficient  from  various  soLd  dielectrics  is  needed.’  Elec¬ 
tron  avalanches  in  various  non-unifurm  electric  field  profiles  could  pro¬ 
vide  information  about  the  growth  of  electrons  near  a  charged  dielectric 
surface. 

1.  M.  Tanaka,  Y.  .Murooka,  and  K.  Hidaka,  J.  App.  Phys.,  61(9), 
4471  (1987). 
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Creation  of  an  Elfictrostalic  Image  on  a  Dielectric 
Surface  in  a  Small  Gao.  V.  Meytlis,  T.  Kegelman,  B.  Fagen, 
KCR  Technoloov.  Inc.  -  The  discharge  m  an  extremely  small 
gap  width  (approx  10>xm)  is  investigated  experimentally  and 
tneoretically.  The  positive  electrode  has  a  metallic  surface 
and  the  negative  electrode  is  covered  by  a  dieic  ctric.  The 
dielectric  surface  moves  with  respect  to  the  fixed  metal 
surface  at  a  constant  velocity.  This  allows  creation  of  a 
sustained  discharge  between  the  surfaces.  The  positive 
charge  which  forms  on  the  dielectric  surface  after  a 
discharge  creates  a  field  concentration.  The  relationship 
between  the  applied  and  residual  voltage  (the  positive 
charge  on  the  dielectric)  was  obtained  for  different 
configurations  of  the  metal  annode  and  for  different 
dielectric  film  thickness  on  the  cathode.  A  converging 
surfaces  model  was  used  to  describe  the  discharge  under 
these  conditions.  Within  this  model  it  is  possible  to  apply 
ttie  Townsend  Theory  of  Discharge  to  explain  the 
experimental  results. 

Conduciiviiv  Probe  for  High  Pressure  Plasmas*  S.M.Jaffe, 
S.A.Self,  M.Miichner  Stanford  Universitv.-ln  our  effons  to  study 
three  body  recombination  ir  afterglows  at  atmospheric  pressure,  we 
have  developed  a  conductivity  probe  based  on  the  capacitive  coupling 
appoach  of  Johnson^.  The  probe  is  a  coaxial  resonator  operating  at 
250  Mhz  with  one  end  open  to  the  plasma.  The  presence  of  plasma  in 
this  end  reduces  ihe  signal  transmission  and  this  effect  can  be  simply 
related  to  the  plasma  conductivity.  Only  a  signal  generator  and  diode 
detector  are  required.  The  measurable  range  of  conductivity  extends 
from  5x10’“^  to  10’*  S/m.  Afterglows  of  photoionized,  high  pressure 
plasmas  have  been  measured  with  this  probe  and  compared  with 
kinetic  models. 

Work  supported  by  AFOSR 

^R.Johnsen,  Rev.  Sci.  Inst  57,  March  1986  P428 
E-29 

Optical  Emission  and  Langmuir  Probe  Diagnostics  of  a 
Hydrocarbon  Arc  Jet  Plasma.  K.  R.  ST  ALDER  AND  R.  L. 
SHARPLESS,  SRI  Internationa)-- We  have  made  spectroscopic 
measurements  of  an  arc  jet  plasma  used  to  synthesize  poiycrystaUine 
diamond  films  on  a  sihcon  substrate.  A  subsonic  plasma  j'et  is  ejected 
fitom  the  onfice  of  the  arc  chamber  and  impacts  the  substrate.  Using 
200  Torr  hydrogen  with  1%  added  CH4, 900  watts  discharge  power 
and  a  substrate-orifice  distance  of  10  mm,  we  observed  polycrystalline 
diamond  films  to  grow  at  a  rate  of  1  micron  per  minute.  Spectroscopic 


Vol.  35,  No.  8  (1990) 


1811 


measurements  show  strong  emission  from  C2  and  CH.  Synthetic 
spectra  fits  to  the  C2  emission  show  that  the  excited  state  62 
temperature  near  die  orifice  is  5000  K,  and  drops  to  4000  K  8mm 
downstream.  The  decrease  In  optical  emission  intensity  is  consistent 
with  local  thermodynamic  equilibnum  (LTE)  condinons  which  are 
likely  to  prevail  in  this  high  pressure  plasma.  Langmuir  probe 
measurements  indicate  the  electron  temperanire  is  about  10,000  K,  so 
this  suppons  the  LTE  nature  of  this  plasma. 


In-Situ  Density  and  Temperature  Measurements  of 
Vibrationally-Excited  Hydrogen  Molecules  in  H~  Ion  ?:urce  Plasma' 
G.  C.  .STUTZIN,  A.  T.  YOUNG,  A.  S.  SCHLACHTER,  K.  N. 
LEUNG  and  W.  B.  KUNKEL,  Lawrence  Berkeley  Laboratory. 
Uniyersity  of  California  -  Production  of  vibrationally-excited  hydro¬ 
gen  molecules  has  been  postulated  to  be  an  intermediate  step  in  H'  for¬ 
mation  in  ion  source  discharges,  but  until  recently,  measurements  haye 
been  scarce  We  haye  measured  the  routional-  vibrational  distribution 
up  to  v”  =  8  and  J"  =  13  (not  simultaneously)  using  VUV  laser  absorp¬ 
tion  spectroscopy  in  a  pure  H2  discharge.  The  vibrational  populations 
appear  to  be  weU-described  by  a  plateau  in  the  vibrational  distribution 
from  v"  -  5  to  v"  -  1 1  Further  study  of  an  ion  source  optimized  for  H' 
production  is  in  progress,  in  which  the  atomic  and  molecular  popula¬ 
tions  as  well  as  exnacted  H'  current  and  thermal  electron  characteristics 
will  be  measured  at  various  discharge  parameters.  By  correlating  these 
data,  one  can  anempt  to  determine  the  validity  of  the  theoretical  models 
for  these  sources. 

*  Supported  by  AFOSR  and  US  DOE  under  Contract  No.  DE-AC03- 
76SF00098. 


Atomic  Hydrogen  Measurements  in  Hydrogen  Bearing 
■Plasmas  B.  L.  Preppemau,  A.  Tserepi,  T.  Czerny,  and  T.  A. 
Miller,  Ohio  State  University  -  -  Hydrogen  bearing  plasmas  arc 
finding  wide  applications  to  the  production  of  novel  materials  and 
properties.  A  recently  developed  laser  probe  diagnostic  of  atomic 
hydrogen  concentrations  has  been  applied  to  the  study  of  the  role 
of  atomic  hydrogen  in  various  hydrogen  bearing  plasmas.  The 
technique  offers  both  excellent  spatial  and  temporal  resolution  of 
atomic  hydrogen  profiles  in  these  plasmas.  The  diagnostic  has 
been  shown  to  have  a  dynamic  response  capable  of  bemg  utilized 
over  a  broad  range  of  plasma  conditions,  particularly  near 
plasma/surface  interfaces. 

P.32 

Detection  of  atonic  hydrogen  near  a  surface  ^ 
resonant  four-photon  ionization  technique. C.  SULTAH. 

C.  BARAVIAN,  J.  JObbY,  and  P.  PERSUY,  b.P.G.P. . (Associd 
CNRS) ,  U.  of,  PARIS-SUD  91405  ORSAY  FRAHCE  -  Hydrogen 
atons  are  created  in  a  flowing  dc  discharge  in  H2.  The 
gas  pressure  is  in  the  range  0.1-10  Terr  and  the 
discharge  current  nay  be  fixed  between  1  and  100  oA. 
The  H  atons  produced  in  the  discharge  are  driven  out  by 
the  gas  flow  to  the  detection  chanber,  where  a  laser 
bean  is  focussed  at  few  nn  fron  a  biased  electrode. 

The  laser  wavelength  is  scanned  in  the  range  364-366 
nn,  the  value  364.7  nn  corresponds  to  a  resonance  with 
3  photons  for  atonic  hydrogen.  In  this  case  the  H  aton 
is  excited  with  3  photons  and  ionized  by  a  fourth  one. 
The  produced  ions  are  collected  in  an  applied  field 
equal  to  about  30  V/cn  and  the  intensity  of  the  signal 
can  be  related  to  the  H  aton  density.  In  this 
experinent  the  direct  non  resonance  four-photon 
ionization  of  R  and  H2  is  negligible  as  coispared  with 
the  resonance  enhanced  process.  The  resonance  line  is 
asynnetric  and  presents  a  FUHK  between  0.05  and  0.2  no. 

*  Vork  supported,  in  part  by  DRET 
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Stochastic  Properties  of  Trichcl  Pulse  Coiona  Dischaigts 
in  Oa  and  Ne/Oj  Mixtures,*  R.J.  VAN  BRUNT  and  S.V.  KUbKARNI. 
iilSI,  V  K  LAKDAWaLa,  Old  Dominion  Uiiiv.— The  stochastic  bchavioc  of 
ultra-violet  sustained  negative  point-plane  corona  discharge  pulses  in  O3  and 
Ne/Oj  at  atmospheric  pressure  have  been  investigated  using  a  newly 


developed  method'  to  directly  measure  various  conditional  discharge 
pulse-height  and  time-separation  distributions.  As  in  the  case,  of  negative 
coiona  pulses  in  air  or  Nj/Oj  mixtures,  the  strong  correlation  between  pulse 
amplitude  and  time  separation  from  the  previous  pulse  can  be  explained  by 
the  .nfluence  of  residual  negative-ion  space  charge  in  reducing  the  electric 
field  strength  at  the  cathode.  For  Ne/Oi,  the  correlations  between 
amplitudes  of  successive  discharge  pulses  and  between  amplitude  and 
time-to-initiation  of  the  subsequent  discharge  pulse  are  the  opposite  of  those 
found  for  O3  and  Nj/O:  mixtures.  It  is  argued  that  this  difference  between 
the  stochastic  behavior  of  corona  pulses  in  Ne/0}  and  O3  or  N3/O3  can  be 
attributed  to  the  different  relative  roles  played  in  these  mbetures  by  residual 
metastables  in  enhancing  both  the  ionization  rate  and  secondary  electron 
emission  at  the  cathode.  The  influence  of  metaslables  appears  to  be  more 
important  Oj  and  N3/O3. 

’Work  supported  in  part  by  U.S.  Department  of  Energy. 

'R.J.  Van  Brunt  and  S.V.  Kulkarni,  Rev.  Sci.  Instrum.  (in  press,  1989). 
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Absolute  Total  Inelastic  Electron  impact 
Excitation  of  He  and  Me/  DAVID  SPEHCE  and  MICHAEL  A. 
DILEON,  Arqonne  Matlonal  Laboratory — We  have  identified 
a  previously  unrecognized  systematic  error  in  the  use  of 
the  "trapped  electron  method"  which  may  have  affected 
some  previous  measurements  of  inelastic  electron 
scattering  cross-sections.  We  have  employed  this 
technique  to  measure  the  total  Inelastic  cross  section 
in  helium  and  neon  from  the  first  inelastic  threshold  to 
the  ionization  threshold.  In  our  experiments,  all 
experimental  parameters  are  me.asurcd  absolutely  for  the 
first  time.  Though  our  cross-section  values  are 
somewhat  larger  than  some  previous  measurements,  they 
are  in  excellent  agreement  (-5%)  with  recent  R-matrix 
calculations^'  over  the  whole  energy  range. 


Work  supported  in  part  by  the  U.S.  Department  of 
Energy,  Office  of  Health  and  Environmental  Research, 
under  Contract  W-:3l-109-Eng-33. 

^K,  A.  Berrington  and  A,  E.  Kingston,  J.  Phys.  B  20, 
6631  (1982). 

^K.  T.  Taylor,  C.  W,  Clark,  and  W.  C.  Fon,  J.  Phys.  B 
18,  2962  (1985). 


Low  Energy  Shape  Resonance  in  the  Ground 
Electronic  State  Vibrational  Excitation  of  Silane  and 
Disilane,'  H.  TAWA,XA. '  L.  BOF-STEM,’  H.  .caTn,? 

M.  KZHURA,  H.  A.  DILLON,  and  D.  SPENCE,  Argonne  National 
Laboratory — Vibrational  excitation  functions  and  angular 
distributions  obtained  with  electrons  of  ~  1-7  eV 
Incidence  have  been  used  to  investigate  resonance 
electron  scattering  fron  silane  (SiH^)  and  disilane 
(Si2Hg) ,  Calculations  that  use  the  discrete  variable  X 
multiple  scattering  model’  show  that  a  shape  resonance  “ 
with  a  maximum  in  the  range  of  ~  1.5-3. 5  eV  observed  in 
the  vibrational  excitation  functions  of  SiH.  and  SijH. 
arises  from  the  decay  of  compound  states  with  respective 
symmetries  of  tj  and  e^, 

*Hork  supported  in  part  by  the  U.S.  Dept,  of  Energy, 
OHES,  under  Contract  W-31-109-Eng-38. 

^General  Sciences  £  Physics  Dept.,  Sophia  University, 
Tokyo  102,  Japan. 

^Physics  Dept.,  Ochanomizu  University,  Tokyo  112,  Japan. 

’h.  Sato,  M.  Kimura,  and  K.  Fujima,  Chem.  Phys.  Lett. 
145,  21  (1988). 

Elastic  Scattering  Cross  Section  Measurements 
for  Collisions  of  1.5-100  eV  Electrons  with  Silane  and 
Disilane,  H.  TANAKA,'  L.  BOESTEN. ‘  H.  SATO.» 

M.  KIHURA,  M.  A.  DILLON,  and  D.  SPENCE,  Arqonne  National 
LaboratorV"Enerqv  and  angular  distributions  for  elastic 
collisions  of  electrons  with  silane  (SiH^)  and  disilane 
(Si2Hg)  have  been  measured  for  Incident  energies  of 
1.5-100  eV  over  a  scattering  angular  range  of  20-130". 
Relative  scattered  electron  intensities  were  normalized 
to  helium  cross  sections  by  using  the  relative  flow 
method.  Experimentally  determined  cross  sections  are 
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compared  with  theoretical  results  obtained  from  the  ^ 
discrete-variable  X^,  multiple  scatter. ng  formulation.’ 

*Wor)c  supported  in  part  by  the  O.S.  Dept,  of  Energy, 
OHEE,  under  Contract  >I-31-109-Eng-38, 

■•■Sophia  University,  Tokyo  102,  Japan. 

Physics  Dept.,  Ochanomizu  University,  Tokyo  112,  Japan. 

^H.  Sato,  H,  Xinura,  and  K.  Fujima,  Chem.  Phys.  Lett. 
145,  21  (1988). 


Positron-CO  Collisions  Using  Parameter-Free 
Positron  Correlation  Polarization  Potential.  Ashok  Jain, 
Florida  A  &  M  Uuiv.,  Tallahassee  —  Recently,  we’  have  pro¬ 
posed  a  parameter-free  polarization  potential  for  low-energy 
positrons  collisions  with  atoms  and  molecules.  This  new  poten¬ 
tial  is  based  on  the  correct  asymptotic  form  (  — ao/2r^  )  which 
is  smoothly  joined  with  the  positron-electron  correlation  energy 
«c<,rr(r)  at  near-the-target  distances.  The  Ceorr(r)  is  determined 
in  an  analytic  form  &om  ab  initio  calculations  of  the  positron- 
electron  correlated  system.  V/t  employ  this  Positron  Correla¬ 
tion  Polarization  (PCOP)  potential  for  the  positron-CO  colli¬ 
sions  below  the  Ps  formation  threshold 'energy  under  a  close¬ 
coupling  scheme.  The  converged  cross  sections  are  obtained 
in  the  multipole-extracted-  Adiabatic-Approximation  (MEAN). 
Our  final  total  cross  sections  compare  very  well  with  measure¬ 
ments  and  improve  upon  all  previously  available  calculations. 

1.  Ashok  Jain,  Phys.  Rev.  A39  (  Aug.  1989  issue  ) 


Cross  Seeclons  for  Sene  Core-Excited  Nal 
Quartet  States*,  Alfred  Z.  Hsezane,  Atlanta  Univer¬ 
sity  —  Electron-Impact  excitation  cross  sections 
from  ground  3s  and  excited  2p^3s3p  states  to 
the  lowest  core-excited  quartet  states  of  Nal  aris¬ 
ing  from  the  configurations  2pS3s3p,  2pS3s3d  and 
2p^3s4s  are  calculated  and  contrasted  using  a 
twelve-state  R-matrlxl  method  for  energies  from 
near  threshold  to  6  Ry.  Extensive  configuration 
Interaction  target  wave  functions  are  employed. 
Reach  resonance  structure  characterizes  the  cross 
sections  in  the  threshold  region  and  the  maxima  of 
chose  from  the  2p53s3p  state  dominate  the  corres¬ 
ponding  ones  from  the  ground  state  by  atleast  two- 
orders  of  magnitude.  The  results  may  be  Important 
to  the  understanding  of  xuv  lasers^. 

*Uork  supported  In  part  by  US  DOE,  Basic  Energy 
Sciences,  Division  of  Chemical  Sciences. 

Ik.  a.  Berrlngton  et.  al.  Conput.  Phys.  Commun. 

367  (197C). 

2d.  E.  Holmgren  et.  al.  Phys.  Rev.  A31 ,  677. 
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Encfceucs  of  Nevanve  Ion  Fonnaiion  via  DtssociauvC-Aliachment  of 
f.  ♦  1.:h*.  H.  H  Michels,  UTRC.  and  J  M  Wadehra.  Wavne  Siaie  U.— -  The 
formation  of  H'fLi")  by  dissociative  attachment  pA)  of  e  +  HiO-i:)  is  thought 
to  be  the  dominant  volume  process  in  discharge  type  negative  ion  sources.  The 
role  of  LijHy(Cs,Hy)  molecules,  which  .ould  be  fonned  from  seeding  an  alkali 
into  a  hydrogen  plasma,  iS'  presently  not  wel.  understood,  but  the  addiuon  of  an 
alkali  such  as  Cs  appears  to  enhance  the  H'  production  rate.  This  observation  is 
interesting  in  h'ght  of  the  study  by  Gauyacq,  et  al',  which  indicates  that  charge 
transfer  and  collisional  detachment  processes  should  reduce  H~  producaon  m  Na 
seeded  plasmas.  We  have  analyzed  the  electron  attachment  u>  laH  and  (LiKij  m 
terms  of  calculated  poienuai  energy  curves.  In  agreement  with  previous  studies, 
we  find  that  the  ground  state  of  LiH'  is  thermodynamically  bound  relative  to  UH 
+  e,  with  a  calculated  electron  affinity  of  -  0.3  eV.  The  first  excited  state  of 
LiH".  which  asymptou'cally  correlates  to  Li"  +  H,  exhibits  repulsive  behavior  in 
the  region  3.0  :S  R  i5  6.0  A.  Based  on  these  preiuninary  studies,  DA  of  e  +  LiH 


to  form  Li*  should  occur  mainly  for  Ejoii  >  3.0  eV.  The  formauon  of  Li  +  H" 
products  may  occur  by  non-adiabatic  coupling  of  J"”  rtate  of  LiH"  to  the 
continuum  for  2.1  eV.  The  role  of  LiH  dimei.s  is  presently  under  study. 

•Supported  in  pan  by  AFOSR  under  Contract  F4962C  ^  -C-(X)19  and  Grant 
AFOSR-87-0342. 

*J.  P.  Gauyacq.  et  al,  Phys.  Rev.  A.  2S.  2284  (1988). 


Low-Energy  Electron  Impact  Dissociation  of  Ha  Using 
EVilly  Correlated  target  ■Wavefunctions  W.  li  HUO,  NASA  Ames 
Research  Center.  -  The  dissociation  of  Vy  low-energy  elec¬ 
tron  impact  excitation  to  the  b®Sj  state  been  studied  us¬ 
ing  a  two-state  approximation  with  the  target  described  by  a  full 
c.jnfiguration-interacation  (Cl)  wavefunction.  T^e  full  Cl  treat¬ 
ment  ensures  that  the  molecule  and  dissociated  products  are  de¬ 
scribed  on  an  equal  footing,  am  important  consideration  in  cal¬ 
culating  the  dependence  of  the  dissociation  cross  section  on  the 
initial  vibrational  state  of  the  target.  The  different  roles  of  target 
correlation  and  electron- target  correlation  will  also  be  discussed. 


•  ‘  Th-pe-Bodv  Association  of  Atomic  Ions,  in^tomlc 
Sassji"  B.K.  Chatterjee  and  R.  Johnsen,  University  of 
Plttspj:;^.  —  We  have  derived  a  relatively  simple  formula 
to  estimate  three*body  rate  coefficients  for  association 
of  atomic  Ions  in  atomic  gases.  While  the  derivation  of  this 
formula  is  rather  crude,  It  reproduces  available  experi¬ 
mental  data  (I'dite  well  and  It  may  be  useful  for  a  quick 
estimation  of  rate  coefficients,  as  Is  often  needed  for 
model  calculations  of  discharges.  We,  will  outline  the 
derivation  and  will  present  a  comparison  to  available 
experimental  data.  We  have  also  obtained  new  experimental 
data  on  the  three-body  association  of  protons  (and  the 
corresponding  process  for  deuterons)  in  helium 

H*  *Z  He-— >  HeH*  ♦  He 

at  temperatures  of  77  K  and  300  K  using  a  drift-tube 
apparatus.  The  results,  will  be  presented  and  will  be 
compared  to  the  theoretical  formula. 

^  Work  supported  by  ARO  and  NASA 


lon-nolecule  Reactions  of  Atmospheric  Ions  with 
Dimethvl-tiethviDhosDhonate  *.  R.  Tosh,  B.K.  Chatterjee,  and 
R.  Johnsen,  University  of  Pittsburgh.  —  We  will  present  the 
results  of  a  series  of  measurements  on  reactions  of  0+,  O2*, 
N*,  N2’,  N0+,  NO*  (3iu),  H2O*,  and  H3O*  ions  with  Dlmethyl- 
methylphosphonate.  (DMMP).  Measured  data  Include  total 
rate  coefficients  into  all  proauct  channels  and  proouct-lon 
branching  ratios  for  ion  energies  (center-of-mass  of  the 
lon/reactant  system)  from  0.04  to  about  I  eV.  All  measure¬ 
ments  were  carried  out  using  a  selected-ion  drift-tube 
mas&-sptv.vromeier  apparatus.  Most  reactions  proceed  by 
fast  dissociative  charge  transfer  (rate  coefficients  near 
1x10"^  cm  3/s)  and  lead  to  product  Ions  similar  to  those 
observed  in  electron  Impact  studies  of  DMMP.  Ground-state 
NO*  ions  react  by  three-body  association  only  while  proton 
transfer  is  the  only  observed  reaction  of  H3O*  Ions. 

*  Work  supported  by  the  US  Air  Force  (WPAFB) 
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and  HC3N+/HC3N 
Systems.  A.  D.  Sen,  V.  G.  Anicich  and  M.  J.  McEwan,  JPL  —  Rate 
coefficients  of  the  association  reactions,  C4H2  +  C2H2,  C4H2  +  C2H2 
and  HCjN  HC3N  have  been  measured  at  pressure  between  1  x  10  ''^ 
and  I  X  10  ^  Torr  by  the  ion  cyclotron  resonance  technique.  At  low' 
pressures  the  bimolecular  association  rates  were  k2  =  2.8  x  10'*® 
ctn^.s'l,  *.4  X  lO^'Ocm^.s'’  and  5.1  x  10  ’®cm5.s‘*  for  C4H2.  C4H3 
and  HC5N+  respectively.  Above  ~  5  x  10’®  Torr  termolecular 
association  was  observed  with  rate  coefficients  k3  =  5.7  x  10‘23 
cm^.s'*,  1.3  X  10'23  cm^.s’*  and  1.1  x  lO'^^cm^.s'*  forC4H2.  C4H3 
and  HC5N+  respectively  when  the  parent  neutrals  were  the  third  bodies. 
The  lifetimes  for  unimolecuiar  dissociation  were  S  73  ps  for  (QHl)*, 
>  18  ps  for  (CgHj)*  and  ^  20  ps  for  (H2C8NJ)*.  Tne  radiative 
stabilization  rates  were  3.7  x  10^  s'*  for  fCsHJ)  ,  9.0  x  10^  s‘l  for 
(C5H5)*  and  1.1  X  10^  s'^  for  (H2C8N2)*.  It  was  also  observed  that 
the  secondary  ions  C4H21  C4H3  and  HC3N+  were  produced  with 
excess  energy  from  C2H2  -t-  C2H2  and  HC3N  +  HC3N  reactions 
required  collisional  de-excitation  before  association  with  the  parent 
neutrals. 


Decay  Product  and  Energy  Distributions  from  H3  n=2 
Rydberg  .States.-  P.  DEVYNCK,  W.  G.  GRAHAM,^  and  J.  R. 
PETERSON,  SRI  Intemational-The  lowest  bound  states  of  H3. 2s  Aj 
and  2p  A2  are  produced  m  keV  beams  froui  riy  L.  i.r ar-resonant 
electron  capture  in  Cs,  and  undergo  rapid  prcdi^socianve  dc„a..  .0  tne 
repulsive  ground  state.  Translational  spectroscopy  is  used  on  H‘  atoms 
exiting  the  Cs  oven  along  the  beam  axis  to  deduce  the  c  m  translaticnal 
energies  of  the  dissociation  products.  Both  two-body  and  three-body 
energy  distributions  are  observed,  and  the  branching  rauo  is  obtained 
from  Hy,  D3,  and  HDs.  The  3-bodyi'2  body  ratios  depend  on  the 
rovibrational  energy  in  ihe  parent  H3*  (.beams  were  obtained  from  two 
different  ton  sources;  and  arc  smaller  than  those  observed  from 
dissociative  recombination.  The  products  arc  highly  vibrationally 
excited,  into  the  continuum.  A  distinct  isotope  effect  is  observed  in  the 
two-body  decay  of  HDv. 

‘Research  supported  by  AFOSR  and  NSF. 

'Permanent  address:  Queens  University,  Belfast,  Nonhem  Ireland 


SO/.  nSO,.  (50,-0, )•.  nSO,  and  (S0,-0,)‘.  nSO, 
clusters  I0<n<7).  M.JobA,  E.LEDUC,  H.FITAIRE.  LPGP. 
Um'v.  Paris-Sud.  Orsav,  FRANCE  — Negative  ion  clusters 
ha».  been  identified  in  SO2  and  SO^/Oj  mixtures  (p  ~ 
lOOTorr)  with  a  previously  described  *  experimental 
set-up  (ionization  by  a-particules  and  detection  with  a 
mass  spectrometer).  Equilibrium  constants  of  the 
reactions  are  measured  as  a  function  of  gas  temperature 
(253  K-390  K).  This  allows  the  determination  of  the 
enthalpy  (uH)  and  entropy  (aS)  variations  of  the  studied 
reactions.  Mass  discrimination  between  the  observed  ions 
has  be'en  done  using  O'®  (for  ex.  ions  of  mass  112+r;64 
could  have  been  (503-02)'.  nSOj).  In  pure  SO2,  AH  and  AS 
which  depend  on  the  size  of  the  clusters  have  values 
respectively  between  -3  and  -7  kcal/mol  (~  0.2eV)  and 
-21.5  and  -26  cal/mol/K  (~  lO’^eV/K). 


'C.V. SPELLER,  M.FITAIRE,  A.M.POINTU,  J.Chem.Phys.  79 
(1983)  2190 
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Spcciroscopic  Study  of  a  Bound  Triplet  State  of  Hi  Penurbed  bv  a 
Doubly  Excited  State  L.  J.  LRMBO,  N.  BJERR£'',  D.  L.  HUESTIS, 
ANDH  HELM  Molecular  Physics  Laboratory.  SRI  Iniemaiional. 
Menlo  Park.  CA  -  A  double-resonance  technique  is  employed  to 
measure  the  positions  of  energy  levels  of  the  2^ng  state  of  H2.  This 
state  anses  from  the  homogeneous  intcracnon  of  inc  singly  excited 
IsogSdiig  di.ibanc  Rydberg  state  with  the  core-excited  2pau2pnu 
state.  This  state  was  rebed  upon  in  a  previous  study  to  explain  an 
unexpectedly  intense  photoionization  behavior  in  triplet  H2  involving 
jarge  changes  in  the  vibradonal  Quantum  number.  Some  of  these 
ionization  lines  comspond  to  2- Hg  levels  reported  herein,  which  arc 
observed  to  dissociate  as  well.  The  energy-level  spacings  are  in  good 
agreement  with  theoretical  predictions.  We  also  summanze  all  new 
informanon  regarding  the  iomzaoon  transitions  and  levels. 


This  research  was  supported  by  the  National  Science  Foundation  under 
Grant  No.  PHY-8706332. 


‘Current  Address:  Institute  of  Physics,  University  of  Aarhus,  8000 
Aarhus  C,  Denmark. 


Near  Zero  ?ro1ectlle-f raae  Kinetic  Energy 
H'*'  In  h7*-Hc  Collisions  at  A.O  keV.*  0.  YENEN, 
L.  WIESE,  D.  CALABRESE,  and  D.  H.  JAECKS, 
University  of  Neb-aska-H ncol n — In  sorae  Ion 

sources,  onc^  can  quench  upper  vibrational 
states  of  H2  by  ulxlng  Ne  with  H2  In  5:1 

ratio.  We  have  Inserted  varying  clxtures  of  Ne 
and  H2  In  a  duoplasnatron  that  we  laonltored  by 
a  quadrupole  aass  spectrooeter  Just  outside  of 
the  source,  to  alter  the  vibrational  content  of 
the  H2  bean.  Using  translational  spectroscopy 
techniques  in  H2*-Hc  collisions  at  4.0  keV,  we 
found  that  the  central  peak  of  the  H*  lab 
energy  distribution  is  shifted  differently  fron 
Eg/2,  depending  upon  the  H2/Ne  ratio.  Our 
results  suggest  that  when  nigh  vibrational 
states  are  present,  the  dominant  process  for 
prodjcliig  near  zero  projectile  frame  energy  H'*’ 
in  electronic  excitation  from  IsC-  to  2p7T  or 
3dff^  states.  We  also  conclude  tha t°i nser cion  of 
Ne  in  the  duoplasmacron  docs  depopulate  the 
upper  vibrational  levels  ati  least  to  a  degree 
that  other  processes  dominate  the  production  of 
near  zero  energy  H'*’  In  the  c.n.  of  H2^- 
‘  Supported  by  NSF  Grant  PHY-8701905. 


Two  Color  Phoio-ionization  Spectra  of  He2  a^Zu . 

N.  BJERRE.‘  L.  LEMBO,  D.  C.  LORENTS,  and  H.  HELM,  .SRI 
Intemaiional-A  fast  beam  of  He2  a-state  molecules  produced  by 
electron  capture  of  H^  in  cesium  were  two  photon  ionized  by  collinear 
photon  beams  from  tunable  lasers.  Single  photon  transitions  to 
imcnntJiaie  states  excited  with  a  low  pov'cr  tunable  laser  were  photo- 
ionized  wiih  a  second  strong  time  delayed  laser  beam  of  fixed 
wavelength.  The  resulting  diatomic  ions  were  detected  as  the  first  laser 
was  scanned  to  obtain  an  absorption  spectrum  from  the  various  ro- 
vibratiunal  levels  of  the  a  state  to  the  higher  Rydberg  states  m  the  triplet 
manifold.  Spectra  in  die  23-25000  cm*'  range  are  dominated  by  a-e^Ilg 
and  a-g^IJ  transitions  but  several  strong  as  yet  unidentified  transitions 
also  appear.  High  Rydberg  states  of  Hc2  were  studied  by  exciting,  with 
the  first  laser,  a  transmon  to  the  and  with  the  second  laser 
pumping  Rydberg  states  lying  above  the  ionization  limit.  Analysts  and 
inteipreiarion  of  these  spccua  in  terms  of  the  structure  of  Hc2  is 
underway  and  will  be  presented.  ' 

•Institute  of  Physics.  University  of  Aarhus.  Denmark 
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Measuremeti.s  of  Electron  Impact  lonizalion  Cross 
Sections.  R.  S.  FRIiuND,  AT&T  Bell  Laboratories  -  As  the 
principal  collision  process  whiL.i  sust.Iu:,  electrical 
discharges,  electron  impact  ionization  is  of  pervasive 
importance  in  gaseous  electronics.  Recently,  molecular  beam 
methods  have  provided  accurate  measurements  of  absolute 
partial  ionization  cross  sections  for  atoms,  molecules,  and 
free  radicals  from  threshold  to  several  hundred  eV,  the 
energy  region  most  important  in  gaseous  electronics. 
Measurements  are  now  available  for  single  ionization  of  43 
atoms  (.almost  all  except  the  transition  metals  and  rare 
earths),  for  double  and  triple  ionization  of  many  of  the  same 
atoms,  and  for  ionization  and  dissociative  ionization  of 
several  dozen  molecules  and  a  half  dozen  free  radicals.  This 
talk  will  review  these  recent  measurements  with  an  emphasis 
on  species  important  in  semiconductor  plasma  processing. 


Theoretical  calculations  for  electron  imnact  ioni¬ 
zation  of  melasiahle  state.s  of  rare-ga.s  targets.*  J  B. 
Mann,  A.  L.  Merts,  and  G.  Csanak,  Los  Alamos  National 
Laboratory,  Los  Alamos,  NM  87545_Electron  i'l.pact  ioni¬ 
zation  of  metasiable  stales  of  rare-gas  atoms  is  of 
considerable  scientific  and  practical  interest  for  usage  with 
the  modeling  of  excimer  lasers.  We  shall  review  the 
theoretical  methods  used  in  the  past  for  the  calculation  of 
electron  impact  ionization  cross  sections  of  metastable 
atomic  targets.  This  review  shows  that  in  the  past,  only 
plane-wave  (Born)  or  binary-encounter  type  of  theories 
were  used  for  these  problems.  We  shall  present  numerical 
results  from  distorted  wave  approximation  (DWA)  calcu¬ 
lations  for  the  ionization  of  the  2>S  and  23$  states  of 
helium  as  well  as  for  the  ionization  of  the  2p33s  config¬ 
uration  of  neon,  the  3p34s  configuration  of  argon,  and  the 
4p5.5s  configuration  of  Krypton.  DWA  calculation  results 
will  also  be  presented  in  some  cases  using  the  "maximum 
interference"  DW.A.  Our  results  will  be  compared  to  other 
theoretical  results  and  to  the  available  experimental  data. 

‘Work  performed  under  the  au.spiccs  of  the  USDOE. 


‘  The  Identtf tcatlon  of  Reconbl nation  Product 
Excitation  States*.  J.B.A.  MITCHELL,  F.B.  YOUSIF  and  P. 
VAH  DER  DONK,  The  University  of  Western  Ontario.  T. J. 
MORCAM,  Wesleyan  University  —  The  dissociative 
reconbination  of  laolecular  ions  leads  to  the  forcation 
of  atonic  and  radical  fragments  in  a  variety  of  states 
of  potential  and  kinetic  excitation.  Two  techniques  for 
identifying  product  excitation  states  are  currently 
under  developsent  in  the  merged  bean  laboratory  at  UWO. 
The  first  employs  a  time  and  position  sensitive 
detector*  to  directly  meeisure  the  kinetic  energy  and 
hence  to  deduce  the  potential  energy  of  the  products  of 
diatonic  nolecular  ion  reconbination.  The  second  uses 
field  enission  detection  to  selectively  ionize  products 
formed  in  high  principal  quantua  number  states.  Progress 
in  the  implementation  of  both  these  techniques  will  be 
discussed. 


•Work  supported  by  USAFOSR  and  Canadian  NSERC. 

1.  D.P.  de  Bruljn  and  J.  Los,  Rev.  Sci.  Instrum.  53. 
1020,  1S82. 


Argon  Ion  Laser  excited  at  the  lower  hybrid  Frequency, 

R.W.  BOSWELL  ai.  1  PEIYUAN  ZHU,  PRL,  RSPhysS,  Australian 
National  University  -  Lasing  action  has  been  observed  on  llie  4S8 
nm  line  of  the  All  system  in  a  5  cm  diameter  rf  excited  magneto- 
ylasm.,..  The  gain  is  strongly  peaked  at  magnetic  fields  for  which 
the  exatation  frequency  is  equal  to  the  lower  hy  brid  frequency  The 
radial  plasma  density  and  gain  profiles  are  very  similar  and  have 
a  full  width  half  maximum  of  1  cm.  Theoretical  analysis  suggests 
that  the  rf  antenna  excites  an  m  =  1  Lelicon  (whistler)  wave  which 
is  highly  landau  damped  and  can  produce  an  excess  of  electrons 
with  ~  20  eV’  energy,  near  that  required  to  produce  a  population 
inversion  in  the  upper  4P  slate  of  the  48S  nm  transition.  The  phe¬ 
nomenon  appears  similar  to  that  observed  in  Tokamaks  employing 
whistler  waves  for  current  drive. 


*"  “  X-rav  photoswitched  argon  and  neon  discharges. 
H.  BRUNET  and  B.  LACOLJR,  Laboratoires  de  Marcoussis/ 
CRCGE  and  V.  PUECH,  S.  MIZZI,  S.  PASQUIERS,  M. 
LEGENTIL,  LPGP  University  Paris-Sud.  FRANCE  -  The 
electric  properties  of  X-ray  photolriggered  discharges  in 
pure  argon  and  neon  have  been  investigated  both 
theoretically  and  experimentally.  The  apparatus  consists  of 
a  high  pressure  discharge  cell  (1  x  1  x  50  cun^)  connected  to 
a  storage  capacitor  charged.a  few  ps  before  the  application 
of  the  preionization  pulse.  The  discharge  breakdown  is 
induced  by  a  X-ray  preionization  pulse,  5  ns  FVVHM.  The 
delay  times  from  the  onset  of  phototriggering  to  gas 
breakdown  are  reported  as  a  function  the  X-ray  dose, 
reduced  electric  field  E/N  and  gas  pressure.  A  computer 
model  integrating  the  time  dependant  equations  for  the 
electron  and  heavy  particles  kinetics  and  for  the  driving 
electrical  circuit  ‘•^s  been  developped.  The  experimental 
versus  iheorei'cal  comparison  is  satisfactory  It  has  shown 
the  imporsanue  of  background  gas  impurities,  especiall_,  in 
neon  discharges. 


Determination  of  the  Ion  Temperature  in 
a  HeRp  "Laser  Discharge  from  Gain  Measurements 
at  Di.fc^znt  ftxial  Modes,  J.  HENTEL,  N.  REICH, 
F.  GEKAT, ,AEEO,  Ruhr-Universitat  Bochuw,  FRG 
A  cv;  n.jse  -laser  pumped  by  the  positive  column 
of  a  qiow  discharge  is  tuned  by  a  birefringent 
plate  on  different  laser  lines  which  a. -a  emit¬ 
ted  in  the  TEM  -mode.  The  distance  of  the  dif¬ 
ferent  axial  mooes  is  217  MHz  or  less.  They  are 
tuned  across  the  gain  profile  of  the  laser 
lines  by  the  statistical  variation  of  the  re¬ 
sonator  length.  The  different  axial  laser  modes 
are  recorded  as  intermediate  frequencies  in  the 
GHz-region  by  a  fast  photodiode  and  a  spectrum 
analyzer.  Variable  losses  are  inserted  into 
the  resonator  by  a  pair  of  Brewster  plates. 

From  the  dying  out  of  the  axial  modes  with 
increasing  losses,  gain  profiles  are  deter¬ 
mined.  The  measured  Doppler  profiles  of  dif¬ 
ferent  blue  and  green  laser  lines  correspond 
to  an  ion-temperature  of  1500  K. 


Laser  Action  in  zhe  Flowing  Afterglow  of 
a  Hollow  Cathode  nischaroe.  B.  Wernsman  and  J. 
J.  Rocca,  Electrical  Engineering  Oeoartment. 
Colorado  State  Univarsitv-Previously .  we 
reoorted  CW  laser  action  by  electron-ion 
recombination  in  the  1.43  urn  line  of  Cdl  in  the 
flowing  afterglow  of  a  negative  glow  plasma.' 
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Here,  we  report  laser  action  in  Arl,  Pbl,  Pbll, 
SnII,  Znl.  Nel  and  H,  in  the  suoercooled 
afterglow  plasma  of  a  hollow  cathode  discharge. 
The  CW  Arl  1.27  urn  laser  line  and  the  pulsed  Pbl 
and  Znl  transitions  at  1.31  and  1.315  urn  are 
excited  by  three-body  electron-ion 
recombination.  The  addition  of  Hj  sharply 
increased  the  laser  output  of  the  recombination 
laser  lines  by  contributing  to  the  cooling  of 
the  plasma.  Variation  of  the  laser 

characteristics  as  a  function  of  the  discharge 
parameters  will  be  discussed. 

*This  work  was  supported  by  AFOSR  grant  87-0290. 

'jorge  J.  Rocca,  Appl .  Phys.  Lett.,  £2,  1145, 
(1985). 


CD  .C 

Plasma  Brealtdown  Behavior  of  Hydrogen  Azide  (HNil 
Gas  Murtuiest.  M.  W.  WRIGHTJ,  L.  A.  SCHLIE,  and  C.  A. 
DENMAN.  Advanced  Laser  Terlmologv  Division  fWL/ARDIV 
Kirtland  AFB.  NM  87117-6008.-Recent  plasma  and  chemical 
kinetic  studies  of  hydrogen  azide  gas  mixtui'.s  hd*c  indicated 
their  potential  use  in  hybrid  electro-chemica!,  high  energy  laser 
systems.  To  investigate  the  pertinent  reaction  schemes  present, 
electrical  breakdown  experiments  have  been  performed  on 
mixtures  of  inert  gases  and  hydrogen  azide.  As  in  the  attachment 
studies  done  previously,  strong  N2(C  —  B)  ultraviolet  emission 
was  observed  in  Ar/HNj  rmxtures  and  to  a  lesser  extent  with  Kr 
and  Xe  Various  geometries  of  the  test  region,  ranging  from  a 
point-to-point  discharge  to  a  point-to— plane  condpuration  were 
utilized.  Under  conditions  involving  a  discnarge  region 
surrounded  by  a  gaseous  volume,  detonation  occured  whereupon 
the  pressure  increased  in  direct  proportion  to  the  amount  of  HNj 
present.  Mass  spectrometric  andysis  indicated  the  decom^sition 
of  HN3  to  Hj  and  Nj  which  stoichemetrically  agrees  with  the 
observed  pressure  increase.  Transient  spectra  suggests  that  the 
detonation  follows  a  chetmcally  activate  chain  reaction  rather 
than  being  declrically  or  photcHnduced.  Other  possible 
applications  of  these  azide  gas  mixtures  are  chemical  flashlamps 
in  which  the  detonation  acts  as  a  photolytic  pumping  source, 
t  Funded  by  the  Air  Force  Office  of  Scientific  Research. 

JDept.  of  Physics,  UNM,  Albuquerque,  NM  87131. 


termination  of  optical  pulses  in  a  KrF  discharge  laser 
is  theoretically  investigated  with  a  multidimensional 
computer  model  The  model  simultaneously  simulates  both 
the  bulk  plasma  and  microstreamers  by  integrating  the 
hydrodynamic  conservation  and  laser  kinetics  equations 
Vie  find  that  disruption  of  the  optical  homogeneity  of 
the  medium  from  index  variations  resulting  from 
roicroarcs  terminate  the  laser  pulse  while  only  a  few 
percent  of  the  discharge  power  is  being  dissipated  in 
the  microstreamers. 

wWork  supported  by  the  National  Science  Foundation. 
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InvestlRation  of  Dielectric  Barrier  Discharge  UV- 
Lamps.*  H.  HEIGER,  H,  HUELLER,  K.  ST0CK«A.,D  and  V.  SCHORPP 
ETI,  U.  of  Karlsruhe,  FRG. — Dielectric  barrier  discharges 

in  excimer  gas  mixtures  are  capable  of  producing  narrow 

1  2 

bard  uv  output  with  efficiencies  of  the  order  10  %.  ’ 

The  measured  dependence  of  current,  uv  output  and  effi- 
on 

c'ency  discharge  parameters  can  be  approximately  described 
by  a  simple  one-dimensional  model  of  the  individual  micro¬ 
discharge.  However,  space  resolved  measurements  of  uv 
emission  within  the  gap  exhibit  large  inhomogeneities 
which  require  a  fully  2-dimensional  modelling  approach. 

•Work  Supported  by  the  German  Ministry  of  R&D  (B  K  F  T). 
^V.  Schorpp,  K.  Stockwald  and  M.  Neiger,  41st  GEC  (1988) 
Minneapolis,  paper  CA-6. 

Mueller  and  H.  Neiger,  4lst  GEC  (1988)  Minneapolis 
paper  E'26. 


‘  The  Effect  of  Return  Currents  In  Electron- 

Beam  Excited  KrF  Lasers  ,  Hark  J  Kushner,  University  of 
Illinois.  Urbana,  IL  —  Space  charge  Injected  by  the 
beam  cu-rent  In  an  electron-beam  excited  laser  must 
return  to  the  ground  plane.  The  "return"  current  Is 
driven  by  electric  fields  generated  by  the  injected 
space  charge.  In  large  aperature  laser  systems  (>  lO’s 
cm)  the  return  current  fields  can  exceed  many  Td.  As  a 
result  electron  impact  rate  coefficients  of  the  bulk 
plasma  and  the  spatial  distribution  of  power  deposition 
are  altered.  These  devices  then  functionally  resemble 
e-beam  sustained  discharges.  The  effects  of-return 
currents  on  the  performance  of  fusion  class  electron 
beam  excited  KrF  lasers  are  theoretically  investigated. 
For  these  devices  as  much  as  10-30%  of  the  power  near 
the  walls  is  redistributed  by  the  return  currents  and 
the  electron  temperature  increases  from  1.5  eVto  as  much 
as  2.5  cV.  As  a  result  low  energy  threshold  processes, 
such  as  Fj  burnup.  are  significantly  effected. 

wWork  supported  by  Los  Alamos  National  Laboratory. 


Excitation  of  Resonance  Lines  and  Formation  of  Excimers 
in  Variou!:  Mercury  /  Rare  Gas  Mixtures.  B.  ELIASSON,  B. 
GELLERT  and  U.  KOGELSCHATZ,  ASHA  BROWN  BOVERI. 
Corporate  Research,  5405  Baden,  Switzerland  -  We  report  on 
measurements  and  theoretical  predictions  of  the  iniensities  of  the 
mercury  resonance  lines  at  185  nm  and  254  nm  which  have  been 
excited  in  a  silent  discharge. 

The  calculations  arc  based  on  our  theoiy  of  microdischarge  formation 
in  silent  discharges  and  include  the  solution  of  the  stationaiy  Boltzmann 
equation  for  the  breakdown  fields  of  such  current  filaments.  The 
mercury  emission  was  investigated  in  Xe,  Kr,  Ar,  Nc  and  He.  The 
total  gas  density,  the  gap  spacing  as  well  as  the  mercury  partial 
pressure  were  varied  within  wide  limits.  The  most  intense  radiation 
was  found  in  a  mercury/xenon  mixture  in  qualitative  agreement  with 
theory.  We  have  also  determined  an  equivalent  Boltzmann  temperature 
from  up  to  8  excited  Hg  levels.  It  decreases  with  rising  Hg  vapour 
pressure  confirming  the  theoretical  model.  Furthemiore  we  measured 
line  profiles  for  mercury  mixtures  with  Xe.  Ar,  and  He  at  various 
mercury  jemperatures.  The  highly  resolved  line  profiles  demonstrate 
the  effects  of  optical  thickness  as  well  as  excimer  formation,  e.g. 
HgXe*. 


Hlcrostrcamcrs  ns  a  Tcrralnatlon  Hechanlsm  In 

KrF  Discharge  Lasers**  Hark  J  Kushner.  University  of 
Illinois,  Urbana.  IL  —  The  performance  of  electric 
dlsclwigc  excimer  lasers  Is  typically  limited  by  issues 
related  to  discharge  stability  rather  than  kinetics. 
Recent  experimental  observations  of  the  premature 
termination  of  optical  pulses  in  XcCF  and  KrF  lasers 
while  power  is  still  being  deposited  have  suggested 
microstreamers  as  a  possible  cause.  In  this  paper  the 


GA-3 

Time  Resolved  xuv  Emission  from  Highly  Ionized 
Caoniarv  Discharges.*  J.F.  Schmerge,  J.J.  Rocca  and  H.C. 
Marconi,  Electrical  Engineering  Department.  Colorado  State 
Universitv-We  have  studied  the  extreme  ultraviolet  emis¬ 
sions  from  a  lithium  hydride  capillary  plasma  500  um  in 
diameter  and  several  cm  in  length.  The  capillary  is 
excited  by  a  short  (50-100  ns  FHHH)  pulse  and  single  shot 
spectra  with  a  temporal  resolution  of  approximately  5  ns 
are  obtained.  Analysis  of  the  data  shows  simultaneous 
line  emissions  from  highly  ionized  iLilll,  OVI)  and  singly 
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Ionized  (Oil)  species.  This  is  consisten*  wltn  the 
existence  of  a  hot  core  ph.sma  (Te  >  25  ev)  sui  founded  by 
a  cooler  (Te  <  5  eV)  plasica  near  the  walls,  In  agreement 
with  a  model  of  a  capillary  plasma'  in  which  ablation  of 
the  capillary  wall  material  Is  assumed  to  form  a  high 
density  plasma  layer  surrjunding  a  less  dense  and  hotter 
core.  Diffusion  of  Ions  from  the  core  plasma  into  the 
cooler  boundary  might  lead  to  an  annular  region  of  high 
recombination  In  which  extreme  ultraviolet  amplification 
might  occur  under  optimized  plasma  conditions  . 

’■'his  work  was  supported  by  NSF  grant  ECS-8606226. 

'R.A.  HcCorkle,  Appl.  Phys.  A,  2fi,  261,  (1981). 

H. Marconi  and  J.Rocca,  Appl. Phys. Lett.  ,54,  l,ou,  (.19891. 


Electric  Field  and  Emiaaion  Profile 
Meaaurementa  in  a  Hvdro..?n  Discharge  at  Low  Preeaurea. 

B,  N.  GANGULY,  J.  R.  SHOEMAKER  and  A.  GARSCADDEN,  Aero 
Propulaion  and  Power  Lab.  WPAFB.  Ohio  —  Spatially 
resolved  electric  field  (E)  and  eaiaaion  (I)  profiles 
have  been  measured  in  an  obstructed  low  current  dc  H2 
discharge,  2.5  cm  diameter  electrodes,  all  but  the 
frort  surfaces  dielectric  shielded  and  0.65  cm 
interelectrodes  spacing.  Stark  splitting  of 
polarization  dependent  Hg  and  lines  was  used  to 

measure  E.  The  axial  E  was  high  and  approximately 
constant  over  the  entire  interelectrode  space.  The 
radial  variation  of  E  and  I  show  that  the  discharge  13 
almost  annular.  Ho  spectra  indicate  that  except  in 
the  anode  spot  region  heavy  particle  excitations 
exceed  electron  impact  excitations  and  that  the 
kinetic  energy  of  much  of  the  excited  atomic  hydrogen 
was  greater  than  250eV.  For  these  conditions  (E> 
3Kv/cm)  the  H^  Stark  emission  measurements  yield 
electric  fields  with  absolute  accuracy  better  than  6%. 

GA>5 

Plasna-enhaneed  Photoeai<;tion  iton  the  Cathode 
in.  j.  Low  Pressure  Diseharoe.  M.  B.  SCHULMAN  and  D.  R. 
WOODWARD,  Philips  liohtinc  Coeoany.  Lynn.  HA  —  Plasaa- 
enhanced  photoeaission  has  been  reported  as  an  in  si tu 
•ethod  for  electrode  surface  diagnostics  in  rf  processing 
plasuas.'**  We  have  used  this  non-intrusive  eathod  to 
study  the  effect  of  the  plasna  sheath  on  the  caission 
properties  of  an  ozide-coated  tungsten-f ilaaent  cathode 
in  a  low-pressure  discharge  laap.  Pulsed  low-power  laser 
beaas  at  several  wavelengths  were  used  to  induce  photo- 
esission  from  the  cathode.  The  photoelectron  pulses  were 
detected  as  optogalvanic  sig-als.  The  technique  is  shown 
to  provide  spatially  and  tenporally  resolved  inforaation 
on  the  effective  work  function  of  the  cathode,  which  is 
influenced  by  the  accelerating  electric  field  at  the 
cathode  surface.  The  conditions  under  which  theraionic 
eaission  become  significant  can  also  be  determined. 

^G.S.  Selwyn,  B.D.  Ai  and  J.  Singh,  Appl.  Phys.  Lett. 

52,  1953  (1988). 

^S.U.  Downey,  A.  Mitchell  and  R.A,  Gottscho,  u.  Appl. 

Phys.  «,  5280  (1988). 


Temperature  Measurements  in  a  Non-Eouilibriuni 
Thermal  Plasma.  T.  Owano,  M.  Gordon,  and  C.H.  Kruger, 
Stanford  University  -  Emission  measurements  of  temperature  and 
electron  density  have  been  made  in  a  quartz  reactor  dovvnstream  of  a 
50  kW  induction  plasma  torch  at  atmospheric  pressure.  Absolute 
and  relative  intensities  of  8  argon  lines,  and  the  argon  rccombinauon 
continuum,  have  been  separately  interpreted  to  invesngate  non¬ 
equilibrium  effects  in  a  thermal  plasma  and  their  influence  on 
temperature  measurements.  The  data  indicate  non-equilibrium 
resulting  from  radiation  escape  and  diffusion  of  electrons  to  the 
cooled  walls.  The  results  are  interpreted  in  terms  of  a  model  of  the 
bound  and  free  electrons  in  partial-equilibrium  at  the  Boltzmann 
temperature  from  relanve  line  intensities.  The  parual-equilibrium 
hypothesis  is  supported  by  both  the  data,  including  the 
recombination  electron-density  measurements,  and  by  calorimetric 
and  to  al  radiation  source  strength  measurements.  In  contrast, 
absolute  line-intensity  and  continuum  temperatures  based  on  LTE 


considerations  depart  from  the  Boltzmann  temperature  by  as  much 
as  1,0(X)  K  and  are  inconsistent  with  energy-balance  requirements. 
These  techniques  have  been  applied  to  the  diagnostics  of  a  non- 
equihbnum  discharge  induced  in  the  reactor  by  means  of  an 
auxiliary  electrode. 

Lionid  Cooled.  High  Power  f<5.4  KW).  cw  He  UV 
Lamps.-f-h  L.  A.  Schlie,  R.  D.  Rathge,  and  E.  A.  Dunkle**, 
Advanced  Laser  Tflehnnlogy  Division.  Weanon-s  Laboratory 
(WL/ARDIl.  Kirtland  AFB,  NM  87n7-6008-The  performance 
of  high  power  Hg  vapor  discharges  (24  cm  x  0.5  cm  i.d)  excited  by 
cw,  low  ripple  (<10%)  microwaves  (2.45  GHz)  and  cooled  Uh  an 
excellent  UV  transmitting  liquid  (di-methyl  polysiloxoue)  is 
discussed.  Very  high  volumetric  power  loadings  {>  300  w/cc)  in 
low  pressure  Hg  vapors  (^15  torr)  produce  stable,  uniform 
plasmas  emitting  intense  UV  radiation  (A>2400  A).  Using  this 
liquid  coolant,  rdiable  operation  of  these  type  0  .maps  for  Itigh 
power  UV  emitters  is  possible.  In  an  attempt  to  better 
understand  these  plasmas  and  establish  the  conditions  for 
optimum  UV  emission,  several  investigations  were  performed. 
These  include  electron  density  measurements,  UV  intensity  versus 
input  microwave  power,  along  with  detailed  electron  Boltzmann 
kinetics  analysis  induing  high  fractional  excited  state  densities 
and  electron-electron  interactions.  In  addition,  kinetic  modeling 
of  the  excited  states  density  is  presented  plus  mth  a  cEscussion  of 
resonant  trapping  for  the  Hg  2537  A  raiation.  A  discussion  of 
the  use  of  these  lamps  for  cw  photolytic  atomic  iodine  lasers  at 
1.315  microns  will  be  presented,  -f-i-  Funded  by  the  Air  Force 
Office  of  Scientific  Research,  Bolling  AFB,  D.C.,  **  Inkwell 
Power  Services,  2021  Girard  Ave,  Albuquerque,  NM  87117 
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Laser  Probing  of  Ion  Mobility.  Velocity 
Distributions  and  Alignment  Effects  in  Drift  Fields. 

S.  R.  LEONE,  JILA.  HIST  and  U.  of  Colorado.  Boulder. 

CO  80309-0990  --  A  single  frequency  dye  laser  is  used  to 
probe  the  velocity  distributions  and  alignment  effects  of 
ions  in  a  uel.l-characterized  drift  field  of  a  flowing 
afterglow.  The  velocity  distributions  of  Ba*  in  Ar  and 
He  are  analyzed  in  terns  of  "monents"  to  obtain:  (a)  the 
nobility,  (b;  the  average  "tenperature,"  or  broadening  of 
the  Doppler  velocity  distribution  in  directions  both 
parallel  and  perpendicular  to  the  field,  and  (c)  the 
"skewness"  of  the  distribution,  a  ncasure  of  the  degree 
non-Boltzmann  character.  Polarization  studies  on 
nolccular  Ions,  and  trifluor  benzene  cation,  reveal 
that  the  ions  become  aligned  by  collisions  due  to  the 
directed  velocity  and  the  anisotropy  of  the  Interaction 
potential.  These  results  are  discussed  in  terns  of 
current  theoretical  formulations,  which  relate  individual 
cross  sections  to  the  steady  state  transport  results. 


V 

Staff  Kenber,  Quantum  Physics  Division,  .National 
Institute  for  Standards  and  Technology. 


Temolecular  lon-Aton  Association.'  M  9. 
FLANNERY  and  M.  S.  KEEHAN,  Georgia  Tech — A  theory  of 
ccrcolecular  association,  Rg'*'  -k  Rg  +  Rg'  -*  Rg2'*'  +  Rg'of 
atonic  rare  gas  ions  in  various  rare  gases  is  proposed. 
The  Rg'*'  -  Rg  association  is  assumed  to  proceed  via 

"  Sg'  collisions.  Ab-initio  Rg'*'  -  Rg  interactions 
are  used.  Various  sinpllflcations  to  the  proposed 
theory  are  investigated.  Results  are  in  good  agreement 
with  measurements. 


Research  supported  by  AFOSR-84-0233. 
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Inniration  Cfos«;-spf:lion  of  NoO-  C.B.  FREIDHOFF 
and  P  J  CHANTRY,  WsslinpHouse  STC.  Pittsbufoh.  PA 
15255-The  mass-resolved  positive  ions  formed  from  N2O 
have  been  measured  from  their  thresholds  to  500  eV. 
Thresholds  for  the  ions  N20''',  NO*.  O'*",  N2''',  and  N*  are 
measured  to  be  12.88,  14.70,  15.20,  17.25,  and  19.50  eV, 
respectively.  The  individual  cross-sections  are  derived 
from  the  relative  signal  strengths  by  reconciling  their 
sum  with  the  measured  total  ionization  cross-section. 
Weighting  factors  accounting  for  the  effect  of  ion 
collection  efficiency  of  the  fragment  ion  kinetic  energies 
are  used  in  the  summation.  Above  30  eV.  this  procedure 
indicates  a  substantial  contribution  to  the  to**'  from  ion 
products  not  measurable  in  the  present  experiment. 
Previous  work^  suggests  that  these  ions  result  form 
delayed  fragmentation  of  metastable  N20'''( ). 

1.  J.L.  Olivier,  R.  Locht,  and  J.  Momigny,  Chem.  Phys.  fiS. 
201  (1982). 


®  Doubly  Differential  Cross  Secnoni;  of  Secondary  Electrons 
Elected  from  Gases  by  Elecrror.  Impact.  25-250  eV  on  O2.* 

T.  W.  SHYN  and  W.  E.  SHARP,  Univemiiv  of  Michigan.  Space 
Phvsics  Research  Laboratory- We  have  measured  the  doubly 
differential  cross  sections  of  secondary  electrons  ejected  from  molecular 
oxygen  by  electron  impact.  A  modulated  crossed-beam  method  was 
used.  The  inctdeni  energies  used  were  25, 50, 75, 100, 150,  and  250 
cV.  The  energy  and  angular  range  covered  for  the  secondary  electrons 
were  from  1 .0  eV  to  one  half  of  the  incident  energy  and  from  1 2  to 
156’,  respectively.  Singly  differential  cross  sections  and  total 
lonizaiton  cross  secuons  have  been  obtatned  from  the  doubly 
differential  cross  secnons.  The  present  results  are  compared  to  the 
previous  measurements  by  Opal  ei  al.  (J.  Chem.  Phys  55, 4100, 

1971)  and  considerable  discrepancies  arc  found. 

•This  work  was  supported  partially  by  NSF-Aeronomy. 


Gas  Phase  Acidities  of  HPO^  and  HP02^.  A  A 
VIGCIANO,  R.A.  MORRIS,  AND  J.F.  PAULSON,  GEOPHY.SICS 
LABORATORY.  IONOSPHERIC  PHYSICS  DIVISION.  M. 
HENCHMAN.  DEPT.  OF  CHEMISTRY.  BRANDEIS  UNIV..  T. 
MILLER  AND  A.E.  STEVENS  MILL  ER  DEPT.  OF  CHEMLSTRY. 
UNTV.  OF  OKLAHOMA  --  Proton  transfer  reactions  usually  proceed 
rapidly  when  exothermic  and  usually  have  no  barriers  to  reaction. 
Proton  transfer  rcacdor.s  have  been  used  extensively  to  determine  the 
gas  phase  acidity  scale.  However,  the  acidities  of  strong  acids  have 
proven  difficult  to  measure.  No  acidities  greater  than  that  of  HI  have 
been  measured,  although  some  ordering  of  higher  acidities  has  been 
made.  We  present  here  data  on  the  gas  phase  acidities  of  HPO3  and 
HPO2,  the  former  being  a  stronger  acid  than  HI.  The  data  were 
obtained  by  measuring  the  rate  constants  for  the  endothermic  proton 
transfer  reactions  of  POy"  with  HI  and  of  POi'  with  HCl  as  a  function 
cf  kl.netic  energy  In  a  variable  temperature  selected  ion  Row  drift  tube. 
The  rate  constants  are  found  to  increase  with  mcreasmg  kinetic 
energy,  and  quasi-activation  energies  are  derived.  The  activation 
energies  are  convened  to  endothermicities  using  a  procedure  derived 
from  calibration  against  reacdons  of  known  endothermicities. 


SESSION  J:  POSTERS 

Wednesday  afternoon,  18  October  1989 

Rickeys  Hyatt,  Camino  Ballrooms  A  and  B  at  1:30  P.M. 

Y.  K.  Bac,  presiding 

Moasuremenl  of  the  lAT  Characlgristics  of  a  Svmmelfic 
RF  Discharge  in  Aroon.  R.  B.  PIEJAK,  V.  A  GODYAK,  2IE 
Laboraiofies  Inc..  Waltham.  MA  -  l/V  characlerislics  have  been 
measi'Cd  in  a  low  pressure  eleciroded  RF  discharpa  driven 
symmetric!  Ily  at  1356  MHz.  The  voltage  war  measured  directly 
across  the  electrodes  and  the  current  was  cortv.  ensated  for  stray 
and  Innge  capacitance.  The  phase  difference  between  V  and  I  was 
measured  very  accurately  by  comparing  the  phase  coefficients 
from  a  fast  Fourier  transform  of  the  voltage  and  the  current. 
These  measurements  provide  accurate  data  of  the  equivalent 
resistance  and  capacitance  of  the  discharge  as  well  as  the  phase 
shift  and  impedance  characteristic.  Based  on  these  measurements, 
the  average  ptasma  density  and  the  sheath  thickness  are  calcu'ated. 
The  current,  resistance,  capacitance  and  phase  shift  are  shown  ' 
versus  discharge  voltage  for  various  gas  pressures. 


“  A  New  Fast  Algorithm  to  Calculate  Oscillatory 
Stezdv-States  of  a  rf  Plasma  Using  the  Continuum  Model. 
E.  GOGOLIDES,  H.H.  SAWIN,  and  R.A.  BROWN,  MCL 
-  Calculation  of  steady-states  for  rf  plasmas  using  a 
continuum  model  is  a  very  time  consuming  task,  if  the 
differential  equations  are  integrated  in  time.  Moreover 
criteria  for  determining  steady-state  are  poorly  defined,  due 
to  long  transients  in  the  bulk  of  the  plasma.  As  a  result  of 
these  constraints  wide  application  of  continuum  models  has 
been  limited.  We  present  here  an  algorithm  which  improves 
the  convergence  time  of  the  continuum  model  between  2  to 
3  orders  of  magnitude.  We  integrate  in  time  for  only  one 
cycle  and  construct  an  objective  function  which  contains  the 
difference  between  the  variables  before  and  after  the 
integration.  We  then  proceed  to  zero  that  function,  i.c. 
directly  calculate  the  oscillatory  steady-state.  The  technique 
when  combined  with  parameter  continuation  methods, 
enables  parametric  studies  of  rf  discharges  to  be  carried  out 
fast  and  on  a  regular  workstation.  In  addition  transients  can 
still  be  followed  in  time,  if  desired,  since  the  time  integrator 
is  preserved  in  the  algorithm. 


Comnarison  of  CF  and  CF-.  LIF  and  Actinometrv  in  a  CF, 
Discharge.  L.  D.  BASTON,  J.-P.  NICOLAI,  and  H.  H.  SAWIN,  MIT- 
Relative  ground  state  CF  and  CF2  concentrations  have  been  measured 
in  a  CFf/Ar  discharge  using  both  laser  induced  fluorescence  (LIF)  and 
actinometric  techniques.  These  measurements  have  been  used  to  a'sess 
the  validity  of  acticomelty  for  CF  and  CFj  in  a  CF.t  discharge.  UF 
detection  of  CF  and  CFj  was  achieved  usmg  CF  (A'S-X^n)  and  C  Fa 
(A’Bi-X*A,)  systems  respectively.  Actinometric  measurement 
obtained  by  monitonng  the  plasma  inuuccd  emission  (PIE)  mtem  ,  of 
CF*  (B^e-^n)  at  202.4  nm,  CF2"  (A’Bi-X'A,)  at  251.9  nm,  and  Ar'  at 
750.4  nm.  The  plasma  conditions  of  the  CFi,'5%  At  discharges  studied 
ranged  from  05-1  Torr  pressure,  05-1.75  W/cm'  power,  1.0  cm 
electrode  separation,  and  1356  MHz  RF  cxdtation  frequency. 
Application  of  actinometiy  for  monitoring  CF  and  CF2  species 
concentrations  in  situ  in  a  plasma  is  useful  for  studying  Idnetic 
mechanisms  and  rates,  and  has  been  previously  reported.'  Our  results 
indicate  that  CF  actinometiy  represents  the  relative  CF  concentration 
as  measured  by  LIF  ,n  a  CF*  discharge  under  ;  studied  conditions. 
CF2  aci,nometry  scales  linearly  with  the  telativv.  ^ncentration  of  CF- 
as  measured  by  UF. 

'R.  d  Agosnno,  ei.al,.  Plasma  Chemistry  and  Plasma  Processing.  2{ij, 
213  fl9821. 
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Radio-frequpnev  Glow  Discharges.  P.J.  HARGIS,  JR.  and  K.E. 
GREENBERG,  Sandia  Naiional  Laboraionc?  -  Spatial  distnbuuons 
of  plasma  species  in  a  discharge  were  measured  by  imaging 
laser-induced  fluorescence  (LIE)  radiation  onto  a  gated 
multtchannel  diode-airay  detector.  Spatial  profiles,  across  the  gap 
between  the  parallel-plate  electrodes,  were  measured  by  exciting  LEF 
with  a  vertical  sheet  of  laser  light.  Tne  LIF  was  imaged  onto  the 
entrance  slit  of  a  spectrometer  and  detected  by  the  multichannel 
detector  which  replaced  the  exit  slit.  LIF  from  a  static  gas  fill  (-3 
mTorrj  of  napthalene  iwithout  a  discharge;  was  used  to  correct  the 
measured  spaual  profiles  for  nonunifotmities  in  the  laser  beam  and 
opucal  detection  system.  The  spaual  resolution  of  the  system  was 
measured  by  imaging  the  light  enutted  from  a  100-pm  diameter 
optical  fiber  plac^  in  the  center  of  the  discharge  chamber.  1024 
point  profiles  with  a  spatial  resolution  of  0.3  mm  were  typically 
recorded  in  10  to  100  s,  depending  on  signal  intensity.  Examples  of 
this  technique,  including  measurements  of  the  spatial  distributions  of 
CF2  in  CF4,  CF4/O2,  CF4/H2.  and  CF4/Ar  discharges,  will  be 
presented. 

*This  work  performed  at  Sandia  National  Laboratories  supponed 
by  the  U.S.  Department  of  Energy  under  contract  no. 
DE-AC04-76DP00789. 


RF  Discharges  at  Very  Lov  Heutral  Pressures, 

N.  BERSHKOVITZ,  H-H  CHO,  A.  VEKDT,  University  of 
Wlsconsln-Hadlson— Ve  shov  that  by  taking  advantage  of 
surface  culti-dipole  fields,  rf  glov  discharges  can  be_2 
caintained  dovr.  to  pressures  at  least  as  lov  as  5  x  10'^ 
torr.  To  our  knovledge,  this  is  veil  belov  the  lovest 
previously  reported  r£  glov  discharge  oininua  operating 
pressure.  Large  effective  electrode  separation  and  good 
plasca  uniforairy  can  be  achieved  by  caking  use  of  sur¬ 
face  culti-dipole  eagnetic  fields.  Discharges  eeploy 
only  one  conventional  electrode.*  The  line  cusps  replace 
the  other  electrode.  Tvo  different  types  of  rf  povered 
electrodes  vere  explored  --  conventio.nal  plates  (diaa.  > 
IS  ca)  and  rods  (diaa  -  0.64  and  1.3  ce).  The  povered 
electrodes  vere  located  sufficiently  far  froa  the  cag- 
nets  that  the  eagnetic  field  could  be  ignored.  Our 
expericents  eaployed  a 'second  plate  electrode.  This 
plate  vas  grounded  and  differs  froa  the  povered 
electrode  in  that  it  vas  located  vithin  the  surface 
eagnetic  field.  Adjustaent  of  the  separation  of  this 
plate  froa  the  cagnet  plane  peraits  continuous  variation 
of  the  aaxicua  surface  eagnetic  field  (3  )  seen  by 
plasca  alloving  continuous  variation  of  the  effective 
loss  area  at  the  electrode. 

Vork  supported  by  the  NSF  ECS-8704529. 


RF  Freo-ienev  Dependence  of  Plasaa 
Parameter  Axial  Profiles  in  a  Helium  RF  Plasma. 
K.Terai  and  T.Kaneda,  Tokvo  Denki  Univ.  Tokvo.  Japan. 
J.S.Chang,  McMaster  Umv.  Hamilton.  Canada. — The 
effect  of  RF  frequency  on  the  plasma  parameter  axial 
profiles  in  a  parallel  plate  capacitive  coupling  RF 
helium  plasma  was  experimentally  investigated.  The 
electron  temperature  Te  and  plasma  density  K  were 
determined  by  axially  movable  electrostatic  double 
probes.  The  results  are  obtained  for  the  gas  pressure 
from  0.4  to  10  torr,  the  RF  power  from  3  to  30  watt  and 
the  RF  operating  frequency  from  300  kHz  to  13.36  MKz. 
The  results  show  that:  (11  the  Te  profiles  are  inversely 
proportional  to  the  N  profiles;  (2)  the  Te  and  K  profiles 
in  lower  RF  frequencies  were  observed  to  be  always  a 
symmetric  compared  with  13.36  MHz;  (31  the  Te  and  N 
profiles  become  nonmonotonic  when  gas  pressures 
exceed  2  torr  for  13.56  MHz  RF  discharges;  (41 
nonmonotonic  Te  and  K  profiles  w-ere  observed  for  300 
kHz  RF  discharges;  (51  the  Te  in  a  central  region  of  RF 
discharge  k.as  a  nonmonotonic  pressure  and  RF  power 
dependencies  f'vr  all  RF  frequencies. 


A  Kinetic  Discharge  Model  Applied  to  the  RF  Reference 
C^ll-  T.  J.  SO.MN!ERER.  W.  .N'.  G.  HITGHON.  and  J.  E.  LAWLER 
r.  of  Wuconsin.— A  kinetic  deictiption  of  discharges  based  on  prop¬ 
agators  (Green  s  functions]  has  previously  been  used  tc  describe  the 
electrons  in  the  cathode  fall  of  a  helium  dc  glov  discharge’  and  both 
the  electrons  and  10ns  in  a  helium  rf  discharge.'  We  will  present  the 
predictions  of  this  model  for  one  pressure  of  the  initial  calibration 
conditions  of  the  "RF  Reference  Cell"*.  0.1  ton  argon.  300. 430. 600. 
and  £00  V  peak-to-peak  applied  voltage  at  13.36  MHz.  and  a  3.34 
cm  gap.  We  wiU  predict  the  1/ V  characteristics,  as  teqwred  for  cali¬ 
bration  of  the  Reference  Cell,  along  with  parucle  densities  and  other 
moments  of  the  distnbuiion  function,  and  will  msestigaie  the  nature 
of  the  heating  of  the  discharge  electrons. 

"Supported  by  the  AFOSR. 

’T.  J.  Sommerer,  W.  N.  G.  Hitchon,  and  J.  E.  Lawler.  Phys.  Rev.  A 
39  633S{19S9}. 

*W.  N.  G.  Hitchon.  T.  J.  Sommerer,  and  J.  E.  Lawler.  Proceedings 
of  the  Seventh  IEEE  Pulsed  Power  Conference.  Monterey.  CA.  June 
11-14, 19S9  (in  press). 

^Proposed  at  the  Forty-First  Annua]  Gascc*js  Electronics  Conference. 
MinneapoUs.  MN.  October  18-21. 19S8. 


I  c 

“  ”  Particle  Kinetics  in  Plagnas — AIuUI 
GARSCADOEK,  Wright  Research  6  Deve7ooaent 
Center.  OH.  45433 — Particle  contamination  in 
etching  and  deposition  plasmas  is  a  serious 
probl'm  accounting  for  many  wafer  rejections. 
Estimates  are  made  of  the  various  effects  due 
to  these  particles  an  .ow  pressure  processing 
plasmas.  Macroscopic  particles  (0.1-10 
microns  diameter)  act  like  very  low  nobility 
negatxve  ions  xn  their  transport  propertxes 
and  also  as  surface  recombination  sinks  of 
cdia-ged  species  and  of  radicals.  The  particles 
are  at  floating  potential  and  are 
electrostatically  trapped  in  balance  with 
gravitational  and  themophoretic  forces.  Many 
of  the  gases  form  negative  ions,  with  large 
electron  affinities  and  these  have  very  long 
residence  tines  and  can  contribute  to  cluster 
formation.  External  sources  of  particles,  such 
as  aerosols  and  sputtering,  also  will  be 
causes  of  contzuaination.  Vertical  electrodes 
that  are  immediately  immediately  reduced  to 
zero-  or  negative  bias  on  switch-off  are 
recommended  to  reduce  substrate  contamination. 


Hers»tlc  Coailnrs  on  Fluoride  Class  Fibers.*  2  VU.  P 
A.  SHirri  and  C.  J.  COLLIHS.  Ck>Iora«»z>  State  Untv«rstcv. 

D.  W.  REIGiEP.  and  J.  R.  KcSEIL,  Unlvtrslcv  of  Ktv 
Hexteo.  3.  HAR3IS0S  and  I.  A(R;aRVaL.  Kaval  Research 
Lahoracorv  -Lov  cenpecacure  (<?50*C).  high  speed  coating 
is  required  fer  hermetic  protection  of  fluoride  glass 
fibers,  which  have  broad  cransmittance  range  (0.3-7p=) 
and  low  optical  loss  (<0.01d3/K=} .  A  cylindrical 
magnetron  operated  in  the  reactive  sputtering  mode  has 
deposited  Ail?  and  KgO  coatings  on  fluoride  glass  fibers. 
The  fiber  is  located  along  the  longitudinal  axis  within 
the  reactive  plasma,  formed  near  the  cylindrical 
cathode.  A  Kg  cathode  in  a  Ke-Ar-Oj  discharge  is  used 
for  KgO  deposition.  Vhlle  an  Ai  cathode  in  a  S- 
discharge  is  used  for  AiK  coatings.  Deposition  races  of 
lOOOA/cin  and  SOOA/min  have  been  observed  for  KgO  and 
AIK.  respectively.  Uniform  thickness  and  full  coverage 
of  the  film  on  the  fiber  is  seen  from  electron 
microscope  pictures.  KgO  and  AiK  films  have  been  proven 
hermetic  by  measuring  the  grouch  of  O-H  band  absorbance 
in  the  coating  with  water  exposure. 

•Vors  Supported  by  the  Kaval  Research  Laboratory 
Contract  sK0Q014-S7-C-2044. 
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The  Feasibility  of  nsilw  Meural  Ketworlcs  wd 
Other  Optimization  Mgorittes  to  (&tain  Cross  Seetione 
froa  swam  Data*,  ff.  L.  HDRShN.  Kineroa  Research, 
Monvsaent,  00  80132—1  vdll  discuss  preliminary  findings 
on  the  use  of  nau:al  netvrork  algoritixns  to  obtain 
electron  irpact  cross  sections  froa  measured  drift 
velocities,  characteristic  energies,  and  other  swarm 
data.  1  will  discuss,  in  addition,  results  that  I  have 
obtained  on  model  systems  and  on  real  atom:  and 
molecules  'using  crewing  sirplex  and  simulated  annealing 
optimization  algorithms. 

^Research  svpprrted  by  the  Wright  Research  and 
Develctaent  Center,  Kright-Patterson  TUB,  Ohio. 


’•< LffiBERJMN  Aj!  LICITONB^g' 
University  oi  Califomin.  Berkeley  —  Low  pressure  (<  100  mTon)  capacitive  rf 
discharges  are  widely  used  in  the  electronics  indusuy.  It  has  been  shown''^  that 
stochasuc  healing  by  the  oscillaung  sheaihi  is  the  main  electron  energy  deposi¬ 
tion  mechanism.  We  give  an  analyucal  model  of  the  sheath  motion  which  is 
then  related  to  'he  space  and  time  variation  of  die  election  energy  distribution 
and  to  the  ionization  rate  in  the  discharge  Since  the  sheath  motion  and  there¬ 
fore  the  energy  deposition  is  strongly  nonuniform  in  space  and  lime,  ionization 
waves  are  found  to  emanate  from  the  .sheath  and  to  propagate  into  the  bulk 
plasma.  We  compare  these  results  to  particle-in-cell  computer  simulations  and 
to  experimental  data. 


1.  M.A.  Liebetman,  IEEE  Trans.  Plasma  Sci.  16,  638  (1988):  17,  338 
(1989). 

2.  I  R.  Misium,  AJ.  Lichtenberg,  and  M.A.  Liebeiman,  J.  Vac.  Sci.  Tech- 

J.  A  7,  1007  (1989). 


experimental  studies  involving  measurement  of 
temperature  in  mercury-dominated  discharges  are 
discussed. 

1)  J.T  Dakin  and  R.P.  Gilliard,  J.  Appl.  Phys.,.  60, 
p.  1281  (1936). 

*  current  address  ILC  Technology,  399  Java  Dr., 
Sunnyvale,  CA 


Temperature  and  Na-densitv  distributions  in 
an  ac  Ho-Nal  discharge  plasma*.  A.  PAlLADAS^.  D.  KA- 
RABOURNIOTIS  ana  A.  TSAKONAS,  Physics  Den't..  Univ. 
of  Crete.  Iraki  ion.  Crete.  Greece. 

-  Time  and  space  resolved  emission  .measurements  of  the 
optically  thin  Hg  577-  and  Na  616-nra  lines  were  conduc¬ 
ted,  with  a  computer-automated  system,  in  horizontal 
planes,  of  a  high-pressure  mercury  arc  discharge,  con¬ 
taining  sodium  iodide  as  an  additive.  The  purpose  of 
these  measurements  was  the-determina.ion  of  the  time 
modulated  plasma  temperature  as  well  as  the  density  of 
sodium  neutral  atoms  in  the  discharge,  assuming  LTE 
conditions.  The  temperature  radial  profiles  and  the 
arc  pressure,  were  obtained  from  this  experimental  da¬ 
ta,  using  the  Hg  577-nm  line.  The  Na-density  radial 
profiles  were  then  obtained,  using  the  Na-616  nm  line. 

*Work  supported  by  the  Greek  Ministry  for  Research  and 
Technology. 

+also  with' Centre  de  Physique  Atomique,  Univ.  P.  Saba¬ 
tier.  Toulouse,  France. 
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Measurement  of  Target  Ion  Current  in  Plasma 
Source  ion  Implantation.  M.  SHAMIM,  J.  T.  SCHEUER 
AND  J.  R.  CONRAD,  Plasma  Source  Ion  Implantation 
Group.  University  of  Wisconsin  -  Average  current  per 
pulse  to  the  target  during  Plasma  Source  Ion  Implantation 
(PSII)’  has  been  measured.  Measurements  were  made  for 
graphite,  Cu,  Al,  and  304  Stainless  Steel  targets  in  spherical, 
cylindrical  and  planar  shapes  in  Hz ,  He,  Nz  and  Ar  plasmas. 
TTie  target  bias  was  varied  from  15  to  40  kV  and  the  density 
was  varied  from  10®  to  10’®  cm'®.  These  parameters  were 
chosen  to  investigate  the  effects  of  secondary  electron 
emission  at  the  target,  ion  mass,  geometry  and  plasma 
density  on  the  PSn  process.  The  measured  current  has  been 
found  to  be  higher  than  that  predicted  theoretically.® 

’  J.  R.  Conrad,  J.  L.  Radkte,  R.  A.  Dodd  and  F.  J.  Worzala,  J. 
Appl.  Phys.  62, 4591  (1987). 

®  J.  T.  Scheuer,  M.  Shamim  and  J.  R.  Conrad,  Gaseous 
Electronics  Conference,  Palo  Alto,  October  17-20, 1989. 


“*  Temperature  of  a  Hioh  Pressure  Mercury 
Oischarce.  J.T.  DAKIN  and  R.P.  GILLIARD*,  ££ 
Lighting.  Cleveland.  OH  --  A  variety  of 
experimental  techniques  are  used  to  determ -ne  the 
temperature  in  a  high  pressure  mercury  discharge. 
The  arctube  has  a  bore  of  2.35  cm,  a  gap  of  9.0  cm. 
and  operates  at  a  power  of  1000  W  with  an  estimated 
pressure  of  4.6  atm.  The  apparatus  and  some 
experimental  results  have  been  described 
previously.  [1]  Here  the  emphasis  is  on  sources  of 
error,  and  comparison  of  temperatures  determined 
with  different  techniques.  A  Boltzmann  plot  showing 
the  relative  densities  of  the  mercury,  atomic  states 
is  presented,  and  the  degree  of  Local  Thermodynamic 
Equilibrium  is  addressed.  Implications  for 


1.15 

“  Production  of  SaFio  from  Negative  Glow  Corona  ip  SFe.* 

R-J.  VAN  BRUNT.  J.K.  QLTHQFF.  and  J.T.  HERRON.  WIST.  L  SAUERS, 
ORNL— Dieulfur  deceiiuorlde  (S2F10)  i(  formed  in  high-pressure  electrical 
discharges  by  reaction  between  SFs  radicals  produced  by  dissociation  of  SFe. 

The  production  rates  for  SjFio  in  SFs  during  continuous  glow-type  negative 
point-plane  discharges  have  been  measured  as  a  function  of  discharge  current 
using  a  gas  ebromatograph-mass  spectrometer.  The  yield  curves  for  SjFjo 
production  are  found  to  be  linear,  thus  suggesting  that  the  production 
mechanism  is  much  faster  than  any  destruction  mechanisms.  The  magnitudes 
of  the  measured  SsFjo  production  rates  are  found  to  agree  satisfactorily  with 
predictions  based  on  a  zonal  model  of  t'le  discharge  chemistry  which  takes 
into  account  the  inf.uecccs  of  O3  and  water  vapor  contamination.  The  model 
predicts  that  SsFio  production  will  increase  with  increasing  water  vapor 
content  and  is  relatively  unaffected  by  changes  in  O3  content,  provided 
([Oj)/(SF6])<2%. 

•Supported  by  U.S.  Department  of  Energy. 

A  Kinetic  Model  of  a  DC  PlscharRe.  D.J.  Koch  and 
W.N.G.  Hltchon,  U.  of  Hlsconsin-Madlson. —  A  self- 
consistent  model  of  a  DC  wiiacharge  is  presented.  This 
inodt-l  utilizes  a  Green's  function  solution^  to  a  kinetic 
equation  which  calculates  the  motion  of  all  charged 
particles  in  the  discharge.  The  model  yields  ion  and 
electron  densities  that  are  consistent  with  the  potential, 
ionization  and  excitation  rates.  Results  are  given  for 
an  argon  DC  discharge.  A  plasma  chemistry  submodel  for 
a  DC  silane  discharge  is  also  presented.  This  chemistry 
submodel  uses  dissociation  and  ionization  rates  calculated 
by  the  charged  particle  submodel  to  find  densities  and 
and  reaction  rates  of  various  gas  phase  neutral  species. 

^W.N.G.  Hitchon,  D.J.  Koch  and  J.B.  Adams,  J.  Comp.  Phys., 
(1989)  in  press. 


Vol.  35,  No.  8  (1990) 


1820 


'  Deterministic  Chaos  in  Electrical  PischarRes  In 
Gases.  D.  HUDSON,  NSWC  --  Ihis  vwrk  expands  on  the 
results  of  Braun  et.  al.^  concerning  observation  of 
chaotic  currunts  in  DC  discharges.  The  work  of  reference 
1  is  extended  to  i.wre  complex  gases  and  gas  mixtures. 
Improvements  in  the  apparatus  allow  determination  of  gas 
pressure  and  electrical  and  optical  diagnostics.  It  is 
observed  that  while  some  gases  such  as  He  follow  a  well 
defined  path  from  smooth  discharge  via  sinusoidal 
current  perturbations,  period  doubling  etc.  to  chaos, 
others  such  as  002  transition  directly  from  smooth 
discharge  to  chaotic  perturbatio. s.  Results  of  obser¬ 
vations  on  various  gases  as  well  as  any  illuminating 
insights  into  their  behavior  will  be  presented. 

ix.  Braun,  J.A.  Lisboa,  R.E.  Francke  and  J.A.C.  Gallas, 
Fhys.  Rev.  Lett.  613  (1987) 


Spectroscopic  Diagnostic  of  a  He-Cd«  Laser 
Discharge.  Th.Wengorz  and  J.Mentel.  AEEO.  Ruhr- 
Universitat  Bochum.  FRG  —  The  Intensity  of  He-lines 
emitted  from  a  positive  column  He-Cd*  laser  discharge  is 
measured  end  on  by  an  afocal  imaging  optics  in  absolute 
units.  Using  Kirchhoff’s  law  population  density  ratios  are 
determined  from  the  intensity  of  optical  thick  lines.  The 
corresponding  temperatures  are  appro.ximately  equal  to 
electron  temperature.  For  further  investigations  the  He- 
Cd*  laser  is  operated  by  the  discharge  on  the  441.6  nm 
laser  line  in  TEMcxj-mode.  The  different  axial  modes 
tuned  across  the  gain  profile  by  statistical  variation  of 
the  resonator  length  are  recorded  as  intermediate 
frequencies  by  a  fast  photodiode  and  a  spectrum 
analyzer.  The  vanishing  of  the  different  axial  modes  with 
increasing  losses  inside  the  resonator  is  measured. 
Taking  into  account  the  isotope  shifts  and  hyperfinc 
splittings  of  Cdn441.6  nm  laser  line  emitted  by  cadmium 
of  natural  isotopic  abundance  gam  profile  and  ion 
temperature  are  determined.  On  the  basis  of  the 
temperature  measurements  and  the  radial  profiles  of  line 
emission  coefficients  comments  are  made  upon  the  radial 
diffusion  of  Cd-atoms  and  Cd-ions  in  the  discharge. 


Streamer  to  Arc  Transition  In  N?.  s.K.  DHALI  and 
A.  RATA  BOOSHANAM,  Southern  Illinois  University  --  The 
numerical  results  of  a  streamer-to-arc  transition  model 
Is  presented  for  nitrogen  at  atmospheric  pressure.  The 
streamer  phase  of  the  calculation  Is  performed  by  solving 
the  electron  and  ion  continuity  equations  alone  with  the 
Poisson's  equationl.  The  plasma  density  ("v  10‘^cm"^), 
the  radial  dimension  (1/e  radius  of  a.  O.Almm),  and  the 
reduced  electric  field  (E/K  of  233  Td)  are  then  used  as 
Initial  condition  for  a  transient  glow  model^.  The  glow 
model,  which  includes  gas  heating,  neutral  gas  dynamics, 
and  electron-molecule  and  molecule-molecule  collisions 
is  solved  in  the  radial  dimension.  Discussions  on  the 
plasma  density,  arc  radius,  and  gas  temperature  and  pres¬ 
sure  are  presented. 

^S.K.  Dhali  and  P.F.  Williams,  J.  Appl,  Phys.  «,  4696 
(1987). 

^S.K,  rhali  and  L.H.  Lou,  J.  Appl.  Phys.  W,  2917  (1988). 

J.OQ 

Electron  Impact  Vibrational  Excitation  of  Polar 
Molecules. **  S.  ALSTON.*’  G.  SNITCHLER.  and  D.W.  NORCRQSS.* 
JILA.  Unlv.  of  Colo,  and  HIST  —  The  electron  impact 
excitation  of  HF  and  HCL  has  been  studied  using  a  fully 
vibrational  close-coupling  (VCC)  program.  An  exact 


treatment  of  exchange  is  used  In  the  separable  represen¬ 
tation.  Correlation  and  polarization  are  represented  by 
a  parameter-free  model  potential.  Differential  cross 
sections  will  be  compared  to  recent  experiments.' 

^G.  Knoth,  M.  Gote,  M.  RSdle,  K.  Jung,  and  H.  Ehrhardt, 
|Phys.  Rev.  Lett.  W,  1735  (1989);  and  unpublished  data. 
Research  supported  by  National  Science  Foundation  grant 
PHYBS-OilSOiJ. 

■'"Present  Address:  Dept,  of  Physics,  Penn.  State  Univ., 
Lehmann,  PA  18627 

*Staff  Member,  Quantum  Physics  Division,  National 
Institute  for  Standards  and  Technology. 


r-nission  of  ihe  Fluorine  Resonance  Lines  Foilawing 
Dissociaiitve  Electron  Impact  Exciiaiion-Of  -CCI^E^  J4Ei,_CE4 
and  SF^*.  NL  ROQUE.  R.  SIEGEL.  K.E.  MARTUS  and  K.  BECKER. 
Cilv  Collegf.  of  New  York  -  We  report  measurements  of 
absolute  emission  cross  sections  and  appearance  potentials 
for  the  fluorine  (2p^3s)  ^•‘'P  -»  (2p5)  2po  resonance  lines  at 
9SS  A  and  975  A  produced  by  dissociative  electron  impact 
excitation  of  SFg,  CF4,  NFj  and  CC12F2.  The  cross  sections  arc 
heavily  influenced  by  3p  ->  3s  cascading*'^.  A  detailed 
analysis  of  the  low  energy  region  of  the  cross  sections 
revealed  that  different  dissociation  mechanisms  lead  to  the 
formation  of  the  excited  fluorine  atoms  in  the  case  of  CCI2F2 
compared  to  SFg,  CF4  and  NF3.  Partial  fragmentation 
channels  appear  to  play  a  very  important  role  in  the  case  of 
the  CCI2F2  dissociation. 

1.  K.A.  Blanks  et  al.  J.  Chem.  Phys.  M.  4871  (1987) 

2.  J.L.  Forand  et  al..  Can.  J.  Phys.  64,  269  (1986) 

3.  S.  Wang  et  al..  Can.  J.  Phys.  (1989),  in  press 

*Supponed  by  NSF  through  Grant  No.  CBT-8896249 


Total-Electron- Impact  Cross  SectlonS-foX- 
Ammonta.  *  Co  Ha,  Phillip  B.  Llescheskl  and  Russell 
A.  Bonham,  Chemistry.  Indiana  U.  Total  oloctron 
Impact  cross  sections  for  Ammonia  were  measured  from 
4  to  50  eV  by  time -of -flight  experiements.  The 
primary  electron  pulses  (<  Ins)  generated  wide  energy 
range  secondary  electrons  by  hitting  a  graphite 
coated  needle  at  the  scattering  center.  Both  primary 
and  secondary  electrons  traveled  41  cm  in  the  gas 
chamber  before  reaching  an  HCP  chevron  detector.  The 
electronic  signals  from  the  detector  and  a  LeCroy 
4222  PDG  start  and  stop  a'  LeCroy  4208  TDC.  A  home 
made  fast  bus,  that  can  host  up  to  three  4208  TDCs, 
provided  a  memory  storage  of  4096  x  16  bits  words  for 
each  TDC  channel  as  well  as  9.2  psec  fast  data  trans¬ 
mission  for  all  24  channels.  The  gas  pressure  was 
measured  by  an  HKS  SRC.  The  electron  transmission 
spectra  were  measured  in  several  different  gas 
pressures  and  the  total  cross  sections  were 
determined  by  using  the  Beer’s  law. 

*  Work  supported  by  the  NSF  through  grant  number 
CHE- 8600746. 


J-23 

Mc3s»fcmtni-gf..  Coherence  Paramcicrs  in  Elciiiron-..: 
Heavy  Noble  Gas  Collisions*.  K.E.  MARTUS  and  K.  BECKER,  Cilv 
College  of  New  York  -  We  report  measurements  of  ihe  Pi 
and  P2  coherence  parameters  for  excitation  of  the  spin-orbit 
coupled  "'Pi"  and  "3Pi"  states  of  Ne,  Ar  and  Kr  by  electron 
impact.  Having  demonstrated  that  the  forward  excitation  in 
the  regime  of  intermediate  impact  energies  proceeds  via 
direct  excitation  of  the  LS-coupied  singlet  component  of  the 
excited  states*,  i.e.  Pi=+1,  the  main  emphasis  of  cur  current 
work  are  measurements  of  Pi  for  very  low  impact  energies 
where  deviations  from  unity  are  expected  caused  by  the  LS- 
coupled  triplet  component  of  the  excited  states  which  makes 
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its  presence  felt  at  energies  clr;-  lO  threshold^.  We  will  also 
present  Pi  and  P2  data  fer  small  angle  scattering. 

1.  K.E.  Martus  and  K.  Becker,  J.  Phys.  B,  22  (1989).  in  press 

2.  K.  Banschai  and  D.H.  Madison,  J.  Phys.  B  20..  5839  (1987> 

‘Supported  by  NSF  through  Grant  No.  PHY-8819510 


I 

Ektuon-Impati-PissogiiHipn  Qf.Cl?  Molgcvlgsr  P-C. 
COSBY,  SRl  Iniemational-Dissociation  of  chlorine  molecules  by 
electron  impact  is  observed  in  a  crossed  beam  apparatus  in  which  the 
coaelated  neutral  fragments  are  detected  by  a  position  and  time 
sensitive  detector.  The  fast  beam  of  CI2  is  pr^uced  by  charge  transfer 
neutralizadon  of  CI2  in  chlorine  gas  and  the  state  composition  of  the 
beam  is  probed  by  photofragment  spectroscopy.  The  absolute  cross 
section  for  the  production  of  Cl  +  Cl  is  found  to  rise  from  tlireshold 
(<  8  eV)  to  a  maximum  of  2. 1  ±  0.6  near  15  eV  and  decrease  at 
higher  electron  energies.  The  translational  energies  of  the  fragments 
suggest  that  excitation  to  the  repulsive  1  ^Ilu  sute  is  the  primary 
dissociation  mechanism.  Evidence  is  also  found  for  pr^ssociation  to 
C1(^P)+C1(2P)  of  Rydberg  states  converging  to  tlie  ground  state  of  ClJ. 

'Supported  by  USAF  Aero  Propulsion  Lab,  Wright  Patterson  AFB. 


IOC 

Extrtmt  Ultraviolet  Emuaion  from  tht  b  *  Hu  »tate  of  Na  Excittd 
by  Electron  Imptct.*  G.  K.  JAMES,  J.  M.  AJELLO  and  D.  E.  SHBMAN- 
SKY,  J  P.L.  and  U.  of  Aritona  —  The  electron  impact  induced  Buorescence 
ipectrum  of  Nj  in  the  wavelength  range  102  to  134  nm  has  been  measured  at 
a  resolution  of  0.05  nm.  Emission  cross  sections  have  been  determined  for  the 
vihronic  transitions  of  the  b  ‘IIu  -•  X  Birge  •  Hopfield  I  band  system 
at  20  eV  and  100  eV  electron  impact  energy.  A  comparison  of  excitation  and 
emission  cross  sections  shows  that,  with  the  exception  of  the  v'  =  1  level,  all 
other  vibrational  levels  of  the  b  ’flu  state  predissociate  with  a  predissociation 
to  radiation  branching  ratio  of  between  0.98  and  1  00.  Predissociation  of  the 
b  ‘Hu  state  alone  contributes  approximately  149(  to  the  total  dissociation 
cross  section  of  Nj  at  100  eV.  The  excitation  function  of  the  b(l,2)  transition 
at  103.28  nm  has  been  measured  from  threshold  to  400  eV  Application  of  a 
modified  Born  approximation  analytic  model  to  the  b  ‘IIu  excitation  function 
data  yields  a  band  system  oscillator  strength  of  0.365. 

"This  work  supported  by  the  Air  Force  Office  of  Scientific  Research  and 
the  National  Science  Foundation  (giant  #  ATM  8715709),  and  NASA. 

J-26 

Electron-ImPBCt  Ionization  Rote  Coefficients  at 
Very  Hlzh  Densttv-Nornialized  Electric  Fields  for 
Several  Alkanes  anc  Fluoroalkanes .*  G.  N.  KAYS  .and 

M.  Ibrahim,  Atlanta  University- -We  report  electron 
impact  ionization  rate  coefficients  at  very  high  values 
of  density-normalized  electric  field  (E/N  up  to  105Td, 
lTd“10*L7vcm2)  for  several  alkanes,  and  fluoroalkanes. 
Tlie  electrical  pioperties  of  the  former  series  of 
molecules  is  of  interest  for  chin-film  diamond-like 
deposition,  for  example,  while  Chose  of  Che  latter 
series  of  molecules  is  of  interest  because  of  their 
widespread  use  in  the  manufacture  of  microelectronic 
circuits  as  well  as  their  use  as  high-voltage  gaseous 
Insulator  .  The  measurements  were  made  in  an 
electrodeless  cell  contained  in  an  S-band  waveguide 
immersed  in  a  dc  magnetic  field  and  subjected  to  a 
pulsed  rf  electric  field  at  cyclotron  resonance.  Ue 
have  previously  shown  that  our  measurements  are 
equivalent  to  experiments  in  dc  electric  fields.  This 
experimental  approach  circumvents  complications  due  to 
electrode  effects  at  extremely  high  values  of  E/N. 

♦Supported  by  USDOE  under  contract  DE-AC04-76DP00789. 
J-27 

Electron  Impact  Ionization  of  Argon  and  Krypton.* 

R.  E.  H.  CLARK  and  G.  CSANAK,  Los  Alamos  National 
Laboratory  -  The  extensive  Coulomb-Born  ionization  cross 
sections  of  Sampson  and  coworkers^  have  been  fitted  as  a 
function  of  n  and  2.  The  resulting  fit  is  applied  to 


ionization  of  the  3p®,  Sp^As  and  Sp^Ap^ configurations  of 
argon  and  the  Ap®,  Ap^Ss  and  ApSSp  configurations  of 
krypton.  Comparisons  are  made  with  the  binary  encounter 
theory^  and  distorted  wave  approximation  (DWA)  of  Mann.^ 
A  simple  prescription  for  obtaining  the  differential 
cross  section  with  respect  to  ejected  electron  energy  is 
compared  with  the  calculated  DHA  differential  cross 
sections.  For-  all  Integral  cross  sections,  the  inner- 
shell  excitation  autolonizatlon  contribution  is  included 
and  is  shown  to  be  a  significant  part  of  the  total 
ionization  cross  section.  , 

♦This  work  was  performed  under  the  auspices  of  the  U.S. 
Department  of  Energy. 

Ir.E.H.  Clark  and  D.H.  Sampson,  J.  Phys.  B,  L7  (198A) 
and  references  therein. 

^H.A..  Hyman,  Phys.  Rev.  A,  20,  855  (1979). 

^J.B,  Mann  (Private  Communication). 


Electron  Impact  Infrared  Excitation  Functions  In 
Xenon,  c.  a.  DeJoseph,  Jr.,  Wriaht-Patterson  A.F.B,.  QH 
45433  and  J.  D.  Clark,  Wripht  State  University.  Davton.  OH 
45430  -  Electron  impact  excitation  functions  over  an  electron 
energy  range  of  10-160eV  have  been  measured  on  a  number 
of  transitions  in  Xenon  over  the  spectral  range  of  approxi¬ 
mately  0.9'4pm.  These  Include  the  1 ,73, 2.03, 2.48, 2.65, 

3.11, 3.27  and  3.51pm  lasing  transitions  observed  in  the  He- 
Xe  and  the  Ar-Xe  lasers.  Measurements  were  made  using  a 
low  energy  electron  gun  designed  and  built  in-house  together 
with  a  commercially  built  Fourier  Transform  Spectrophoto¬ 
meter. 


J»29 

Electron-Excitation  Cross  Sections  of  the  dpSsp  States 
of  Krypton  and  their  Pressure  Dependence.'  JOHN  E. 
GASTINEAU,  MICHAEL  P.  NESNIDAL,  and  TODD  G. 
RUSKELL,  Lawrence  University — ^The  energy  dependence 
(10-1  OOeV)  of  the  optical  emission  cross  sections  of  the  ten 
Paschen  2p  levels  of  krypton  have  been  measured  using  the 
optical  method.  The  cross  sections  show  some  pressure 
dependence  in  the  range  of  100  pT  to  5  mT,  but  to  a  smaller 
degree  compared  to  Paschen  2p  emission  cross  sections  of 
xenonL  The  pressure  dependence  is  strongest  at  energies 
above  35  eV,  and  cross  sections  below  25  eV  are  essentially 
independent  of  pressure  effects.  The  higher  energy  cross 
sections  for  the  2p2,  2p3,  2p7,  and  2p9  levels  reach  low 
pressure  limits  by  200  pT  and  the  absolute  apparent  cross 
sections  have  thus  been  determined.  Estimates  for  the  other 
2p  apparent  aoss  sections  are  obtained  by  extrapolation.  The 
apparent  ctoss  sections  range  from  1  to  7-10*l8  cm^. 

'Supported  by  a  William  and  Flora  Hewlett  Foundation  Grant 
of  Research  Corporation  and  by  Lawrence  University. 

’Gastineau  et  al,  39‘*’  Gaseous  Electronics  Conference  p.90. 

J*30 

New  Coherence  Data  on  the  Excitation  of  Heavy  Rare 
Gases  bv  Electron  Impact.*  PJ.M.  VAN  DER  BURGT,  JJ. 
CORR  and  J.W.  McCONKEY,  Universitv  of  Windsor.  Canada.  - 
We  report  continuing  measurements  of  the  Stokes  parameters  for 
excitation  of  the  resonance  lines  of  the  hea\7  rare  gases  following 
electron  impact.  These  will  extend  previous  measurements 
reported  from  this  laboratotyU  and  are  particularly  aimed  at  elu¬ 
cidating  spin-related  effects  such  as  exchange  or  spin-orbit  inter¬ 
action.  Particular  attention  will  be  paid  to  the  in-plane 
olarization  correlation  parameter  from  which  the  so-called 
eight  of  the  excited  state  charge  cloud  is  deduced. 

'  Research  supported  by  the  Natural  Sciences  and  Engineering 
Research  Council  of  Canada. 

1.  M.A.  Khakoo  and  J.W.  McConkey,  J.  Phys.  B  2Q,  5541  (1987). 

2.  P.  Plessis,  M.A.  Khakoo,  P.  Hammond  and  J.W.  McConkey,  J. 
Phys.  B  21,  L483  (1988). 
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VtrV  Fluorescence  Following  Electron  Impact  on 
Discharee'.Created  Targets.*  SHOUYE  WANG  and  J.W. 
McCONKEY,  University  cf  Windsor.  Canada.  -  An  RF  discharge 
source  is  used  to  produce  a  gas  beam  with  a  significant  metastable 
content  and,  in  the  case  of  molecular  parent  spedes,  a  significant 
dissodation  fraction.  This  is  crossed  with  a  magnetically-fodassed 
electron  beam  which  produces  high  currents  in  the  near  threshold 
region.  The  resultant  radiation  is  observed  orthogonal  to  both 
beams  using  a  Seya-Namioka  monochromator  -  cnannel  electron 
multiplier  combination.  Data  obtained  as  a  frmetion  of  inddeut 
electron  energy  will  be  presented  at  the  Conference  for  Nj  and 
other  targets. 

•  Research  supported  by  the  Natural  Sdences  and  Engineering 
Research  Coundl  of  Canada. 


Practical  Applications  of 
Electrostatic  Probes.  N.  BEMJAMIN  and  B. 
CHAPMAN .  Lucas  Labs  —The  Electrostatic  Probe 
was  introduced  by  Irving  Langmuir  in  order  to 
research  the  Ionized  gaseous  state  of  natter 
he  called  "plasma"  in  the  1920s.  Since  then, 
probes  have  been  primarily  restricted  to 
research  applications  right  up  to  the  present 
day.  This  paper  describes  some  of  the  more 
pragmatic  features  of  Electrostatic  Probe  use, 
principally  directed  towards  applications  in 
Plasma  processing  for  thin  film  and 
semiconductor  production.  We  shall  indicate 
how  various  practical  problems  of  application 
to  process  nay  be  resolved.  Examples  will  be 
given  of  the  use  of  a  Probe  for  process 
characterization  and  the  determination  of 
process  reproducibility,  as  well  as  it's  use 
for  determining  spatial  profiles  in  the 
reactor.  Finally  we  shall  discusss  the 
potential  of  probes  in  future  applications  for 
manufacturing  process  control. 


SESSION  KA:  Ar/Xc  LASERS  I 
Thursday  morning,  19  October  1989 
Rickeys  Hyatt,  Camino  Ballroom  C  at  8:00  A.M. 

A.  Garscadden,  presiding 

Early  Work  in  Hlch-Power  Xe;Ar  Laser 

Research* .  L.A.  Newman**  and  T.A.  DeTemple^  U. 
of  Illinois — The  1.73  micron  line  of  xenon  in 
an  argon,  buffer  has  emerged  as  one  of  the  most 
efficient  and  powerful  electrically  excited 
atomic  laser  lines.  The  research  leading  up 
to  the  discovery  of  these  features,  the  post 
discovery  experiments,  and  the  initial 
identification  of  the  underlying  physical 
processes  responsible  for  the  strong  emission 
will  be  reviewed. 

*Researoh  originally  supported  by  the  National 
Science  Foundation  and  the  United  States  Air 
Force  WPAFB. 

**United  Technology  Optical  Systems 

^  L.A.  Newman  and  T.A.  DeTemplc,  Appl.  Phys. 
Lett.  22,  678  (1975) . 


Experimental  Study  of  the  e-Bean  and  e-Beam 
Sustained  Xe:Ar  Laser.  A.  Suda*,  B.L.  Wexler, 

B.J.  Feldman,  and  K.  Riley*,  NRL.— Experimental  studies 
of  the  electron-bean  and  el®ct:on-beam  sustained  Xe:Ar 
laser  have  been  carried  out  to  evaluate  performance  and 
provide  data  for  kinetics  analysis.  Small  signal  gain 
and  saturation  Intensity  have  been  measured  and  compared 
with  calculated  values.  The  pulse  shapes  and  energy  In 
the  1.73,  2.03,  2.63,  and  2.65  vm  lines  have  been  ob¬ 


served  with  nonselectlve  and  slngle-llne  cavities.  Data 
have  been  taken  as  a  function  of  pump  rate,  pressure, 
and  xenon  concentration.  Various  electron  and  heavy 
particle  collision  processes  can  be  suggested  to  explain 
the  data.  The  e-beam  pumped  la^er  produced  1.7  J/1  at  A 
atm  with  2.3X  efficiency.  With  the  e-beam  sustained 
discharge,  3.5  J/1  was  obtained  with  3.2X  efficiency  and 
an  enhancement  factor  of  A. 5.  When  the  e-beam  pump 
power  was  reduced,  the  enhancement  Increased  to  10  but 
the  laser  output  dropped  significantly.  With  the  addi¬ 
tion  of  helium  to  the  Xe:Ar  mixture,  the  2.03  pm  output 
increases  dramatically  and  becomes  dominant.  The 
effects  of  adding  krypton  and  neon  were  also  observed. 

*  Geo-Centers,  Inc. 

Ftsslon-Fragment  Pumped  Atomic  Xenon  Laser.* 

G.  H.  HAYS,  U.  J.  ALFORD,  D.  R.  NEAL,  D.  A.  McARTHUR, 
and  D.  E.  BODETTE,  Sandla  National  Laboratories- -We 
report  on  laser  characteristics  of  atomic  xenon 
(1. 7-3.5  pm),  in  a  rare-gas  buffer,  pumped  by  fission 
fragments  from.u255,  under  bombardment  by  thermal 
neutrons.  Energy  efficiency  up  to  3%  has  been  reported 
for  low-pump-rate  (<  10  W/cc),  long  pulse  (several 
msec)  excitation  of  xenon  utilizing  this  pumping 
mechanism!.  We  will  present  results  of  the  effects  of 
buffer  gas  composition  and  pump  rate  on  the  performance 
of  several  laser  lines  of  Interest.  We  find  that 
dilution  of  an  Ar/Xe  gas  mixture  with  helium  has 
dramatic  effects  on  the  output  spectrum,  whereas 
dilution  with  neon  has  little  or  no  effect. 

*Thls  work  performed  at  Sandla  National  Laboratories, 
supported  by  the  U.  S.  Department  of  Energy  under 
Contract  Number  DE-AC0A-76DP00789. 

!w.  J.  Alford  and  G.  N.  Hays,  J.  Appl.  Phys.  6S,  3760 
(1989) . 


^  A  Parametric  Study  of  The  Atomic  Xenon  Laser.* 
E.  L.  PATTERSON,  G.  E.  SAMLIN,  and  P.  J.  BRANNON,  Sandia 
National  Laboratories  —  Operation  of  the  atomic  Xe  laser  at  average 
e-beam  pump  rates  between  0.04  and  1.0  kW/cm*  with  buffer  gases 
of  Ar,  Ar/He,  or  Ne  is  described.  The  pump  time  for  these 
experiments  is  1  ms,  providing  an  average  energy  loading  of  up  to 
I  J/cm*.  The  2.6  pm  transitions  dominate  in  all  cases  where  the 
laser  cavity  feedback  is  not  wavelength  selective  (for  these 
measurements  we  could  not  discriminate  between  the  2.63  and 
2.65  pm  lines).  In  all  cases  the  laser  pulsewidlh  (full  width  at  10% 
peak  power)  decreased  with  increasing  pump  power.  With  optics 
selected  to  favor  the  1.73  pm  line  and  the  use  of  0.5%  Xe,  laser 
termination  occurred  with  an  average  energy  loading  of  0.16  J/cm’ 
for  Ar  buffer  gas  and  occurred  with  an  energy  loading  of 
-  0.25  J/cm*  for  Ne  buffer  gas.  Higher  resolution  measurements 
have  shown  that,  with  either  Ar/Xe  or  Ar/He/Xe  mixtures  and 
pomp  rates  up  to  900  W/cm’,  the  2,65  pm  line  dominates  over  the 
2.63  pm  line.  The  ratio  of  intensity  of  the  2.65  to.  2.63  pm  line 
increases  with  increasing  Xe  concentration  or  decreasing  pump  rate. 

♦This  work  supported  by  the  U.S.  Department  of  Energy  under 
contract  number  DE-AC04-76DP00789. 


Performance  Characteristics  of  the  X-ray  Fre- 
lonlzed  XetAr'Laser.  J.E.  Tucker,  B.L.  Wexler, 
B.J.  Feldman,  and  T.  McClelland,  NRL  —  X-ray  prelonlza- 
tlon  has  allowed  discharge  pumping  of  the  Xe:Ar  laser  at 
A  atm  pressure!.  Increased  output  and  pulse  length  have 
been  observed  with  a  new  laser  head,  with  O.A  J  obtained 
from  a  AO  cm  long  x  5  cm  high  discharge  having  a  nominal 
2  cm  width,  in  a  II  Xe,  3  atm  Ar  mixture.  This  compact 
device  also  definitively  demonstrates  the  suppression 
of  surface  flashover  by  electric  field  unifor^ty  and 
shaping  in  the  laser  head.  The  Impedance  mismatch  be¬ 
tween  the  Harx  bank  and  the  discharge  results  in  a  ring¬ 
ing  discharge  and  a  modulated  output.  The  total  laser 
pulse  length  observed  is  Inversely  proportional  to  pres¬ 
sure  and  xenon  concentration,  and  continues  for  more 
than  5  us  for  a  O.ll  Xe  in  1  atm  Ar  mixture.  With  a 
nonselectlve  cavity,  701  of  the  output  occurs  at  1.73  un 


Vol.  35,  No.  8  (1990) 


1823 


and  202  at  2.63  pm.  The  remainder  occurs  in  the  2.03 
and  2.65  pm  lines.  Line  competition  effects  have  also 
been  observed.  When  helium  is  added,  the  2.03  pm  line 
becomes  dominant  as  the  other  lines  are  suppressed. 

^J.E.  Tucker,  B.L.  Wexler,  B.J.  Feldman,  and 
T.  McClelland,  to  be  published  in  IEEE  Phot.  Tech.  Lett., 
Aug. ,  1989 


In  this  model  the  electron  distrlbjtion  ij  separated 
Into  a  low  energy  component  (the  'bulk'  ).  described  by 
the  electron  continuity  and  energy  equatloi^s.  and  a  high 
energy  component  (the  "beam")  repi«i.entlng  ballistic 
electrons.  Results  are  presented  for  optically  triggered 
pseudo  sparks  and  low  pressure  beam  sources  during 
which  we  demonstrate  when  non-equl librium  effects  roust 
be  considered. 


SESSION  KB:  BREAKDOWN  AND  SWITCHING 

Thursday  morning,  19  October  1989 

Rickeys  Hyatt,  Camino  Ballroom  D  at  8:00  A.M. 

L.  E.  Kline,  presiding 

KB-1 

Formation  of  Cathode  Spots  by  Unipolar  Arcing. 

F.  SCHWIRZKE,  Naval  Postgrad.  Sch.  -  Breakdown 
and  plasma  f:rm3tion  on  electrodes  is  a  fundamental  pro¬ 
cess  in  pulsed  power  technology.  The  Initial  "explosive" 
plasma  formation  on  the  surface  of  a  cathode  of  a  vacuum 
diode  and  many  other  discharges  is  highly  non-uniform. 
Micron-sized  cathode  spots  form  within  ns.  Laser  produ¬ 
ced  unipolar  arcs^,  UFA,  ignite  and  burn  on  a  ns  time 
scale.  Similar  UFA  craters  have  now  been  observed  on  the 
cathode  surface  of  a  pulsed  vacuum  diode.  Field  emitted 
electrons  ionize  desorbed  neutrals  above  an  emitting  spot. 
Plasma  pressure  gradients  then  naturally  lead  to  electric 
fields  which  ignite  and  drive  the  UPA^.  Power  dissipa¬ 
tion  for  an  UPA  is  considerably  larger  than  for  field 
emitted  or  space  charge  limited  current  flow.  The  high 
current  density  of  an  UPA  provides  explosive  plasma  for¬ 
mation.  Unipolar  arcing  represents  a  fundamental  form  of 
discharge  which  contributes  to  breakdown  and  formation  of 
cathode  spots  in  a  unique  way.  This  report  was  sponsored 
by  NRL  and  the  Naval  Postgraduate  School . 

^F.  Schwirzke,  Laser  Induced  Unipolar  Arcing,  in  Laser 
Interaction  and  Related  Plasma  Phenomena,  Vol  6,  H.  Hora 
,and  G.  H.  Miley,  eds.,  Plenum  Publ.  Corp.,  New  York,  1984 
^F.  Schwirzke,  J.  Nucl.  Mater.,  128  5  129  (1984)  609. 


Transport  and  Hultlpllcatlon  of  Chat  gad  Particles 
in  H2  at  Very  High  E/n.*  Z.Li.  PETROVIC**  and  A.V. 
PHELPS,  JIU.  L'nlverslcv-of  Colorado  and  NIST.  •• 

Current  waveforms  were  taken  for  pulsed- laser  initiated, 
non-selfsustalned  discharges  in  hydrogen  at  E/n  from  0.5 
to  45  kTd.  The  change  from  83"*'  to  82^  for  E/n  of  0.5 
kTd  to  3  kTd  causes  a  very  slow  change  with  E/n  in  the 
duration  of  a  single  avalanche.  Integrated  currents 
yield^  the  charge  that  crosses  the  gap  in  electron  (Qe) 
and  Ion  (Qi)  transit  times  and  in  vacuum  (Qc) .  Qe/Qc 
and  Qi/Qc  ratios  are  fitted  to  equilibrium  models  for 
E/N  £  1  kTd  and  non-equilibrium  models  for  E/n  ^  3  kTd. 
Apparent  secondary  election  coefficients  ace  higher  chan 
published  values.^  The  ionization  cross  section  of  the 
non-equilibrium  model  is  reduced  to  fit  Qe/Qc  ratios. 
Fits  to  Qi/Qc  data  at  the  higher  E/n  yield  secondary 
electron  coefficients  which  depend  on  E/n  only  as 
expected  when  secondaries  are  due  tc  82*^  and  fast  H2- 

*Hork  supported  in  part  by  NSF. 

**Permanenc  address:  Institute  of  Phys5.es,  Belgrade. 
^V.T.  Gylys,  B.H.  Jelenkovid  and  A.V.  Phelps,  J.  Appl. 
Phys.  i5,  3369  (1989). 

^H.A.  Folkard  and  S.C.  Haydon,  Aust.  J.  Phys.  28t.  527 
(1971). 


Application  of  a  Hul tl-Dlmenslonal  Beam-Bulk 
Model  to  Simulation  of  Low  Pressure  Pulse  Powered 
Devices. H  HOYOUNw  PAK  and  HARK  J.  KUSHNER,  University  of 
Illinois.  Urbana.  IL — A  computer  model  has  been 
developed  to  simulate  low  pressure  pulse  power  devices 
such  as  conventional  thyratrons,  pseudo-sparks  and 
electron  beam  sources.  The  simulation  Is  a  2-1/2 
dimensional  time-dependent  continuum  model  using  recti¬ 
linear  or  cylindrical  coordinates.  Gas  pressure,  gas 
composition,  applied  voltage,  and  geometry  arc  user 
definable  To  account  for  nonequilibrium  electron 
transport,  a  beam-bulk  methodology  has  been  developed. 


wWork  supported  by  Defense  Nuclear  Agency 


Theoretical  Analyses  of  Hic(h  Pressure 
.Self;;sustained  Glow  Discharges  with  Hlc&i  Switch  Ratio.* 
W.  M.  MDENY,  A.  E.  KWUGUEZ,  and  J.  M.  EUZCSHX),  Tetra 
Corroration.  Altuqueroue.  —Tetra  Oorporat  icii  has 
recently  developed  hi^  pressure  glow  discharge  gas 
mixtures  with  hiejh  svdtch  ratios,  (ratio  of  the 
breakdewn  voltage  to  the  glow  voltage) .  This  involved 
detailed  engineering  of  excited-state  ionization, 
attachment  and  reoerrbination  processes  within  the 
mixtures  to  achieve  these  results.  The  gas  mixtures 
are  cenposed  of  a  dominant  monatcnic  gas  used  as  a 
buffer  and  energy  donor,  another  monatomic  is  used  as 
an  electron  donor,  with  a  third  cne  used  as  a  secxxxdary 
electron  donor.  A  fourth  gas  element  is  ewided  as  a 
buffer  or  attacher.  The  gas  elements  were  selected 
from  those  that  show  a  coincidence  in  the  power  flow 
from  primary  metastable  states  to  Penning  ionization 
processes.  In  this  paper,  we  describe  the  theoretical 
analyses  that  led  to  the  development  of  these  mix¬ 
tures.^ 

♦Research  svfported  by  SDI/IST  and  managed  by  OMR 
^See  cdipanion  paper,  these  proceedings 


Experimental  Research  on  Hich  Eressure 
Self-Sustained  Glow  Discharges  With  Hicdi  Switch  Ratio.* 
J.  M.  ELIZONDO,  W.  M.  M3EMY,  J.  W.  BEMZE,  B.  R.  BECKES, 
and  K.  va)N(34AN,  Tetra  .Oortoraticn  of  Albuquerque.  New 
Mexico  — ESgserlmental  measurements  of  glow  voltage, 
breakdown  voltage,  euxd  maxisum  current  were  made  of 
pulsed  hi^  pressure,  self-sustained  glow  discharges 
with  high  switch  ratios,  that  is,  a  hich  ratio  of  the 
breakdown  voltage  to  the  glcv  voltage.  The  best 
results  achieved  to  date  kre  a  switch  ratio  of  3.7  with 
a  breakdwn  voltage  of  4.6  W  per  cm,  glow  voltage  of 
1.25  kV  per  can,  and  current  densities  of  7-8  asps  per 
square  an.  One  gas  mixture  was  tested  for  lifetime 
performance  in  a  closed  locp,  performing  an  excess  of 
700  discharges  at  a  repetition  rate  of  a  pulse  every  5 
seconds.  In  this  paper,  we  describe  specific 
ejperiments  with  mixtures  of  nitrogen,  neon,  helium, 

argon,  xenon,  and  CF4.^ 

*  Research  supported  by  the  SDI/IST  and  managed 
CNR. 


^See  caipanion  paper,  these  prxeedings 

Screamers  In  N^:  New  Empirical  Results.  F.E. 
Peterkln  and  P.F.  Williams,  University  of  Nebraska- -We 
have  obtained  streak  and  high  speed  shutter  photographs 
of  screamers  in  a  crigatron  spark  gap  filled  with  N2  at 
pressures  around  atmospheric,  main  gap  charging  voltages 
ranging  from  about  50%  to  99%  of  the  breakdown  voltage, 
Vgn,  and  both  charging  polarities,  producing  cathode- 
and  anode-directed  screamers.  The  screamers  propagate 
with  a  non-constant  velocity  which,  for  charging  voltage 
near  Vgg,  ranges  from  <=2  x  10®  cm/sec  initially  to  more 
q 

than  10  cm/sec.  Surprisingly,  we  find  that  cathode- 
directed  streamers  propagate  faster  than  anode-directed 
screamers.  For  c.  arglng  voltage  near  Vgg,  cathode- 
directed  streamers  have  a  diameter  of  s2  mm  and  anode- 
directed  streamers  are  somewhat  thinner  and  have  a  more 
feather-like  appearance.  For  lower  charging  voltages. 
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cathode -ditected  streamers  remain  well-defined,  whereas 
the  anode -directed  screamers  become  more  diffuse.  We 
observe  a  jump  in  the  main  gap  current  when  the  streamer 
approaches  the  distant  main  gap  electrode.  From  the 
magnitude  of  this  Jump  and  the  screamer  body  diameter  we 
can  estimate  the  free  electron  density  in  the  screamer 
to  be  in  the  range  10^*  -  10^^  cm'^. 


beam-pumped  and  electron-beam-sustained  discharge-pumped 
Xe:Ar  lasers. 

IM.J.  Kushner,  M.  Ohwa,  T.J.  Moratz:  Technical  Digest  of 
Conference  on  Lasers  and  Electro-Optics,  Baltimore,  Maryland, 
(1989)p.252 


^  *  Stre^er  Dvnarmcs.*  M-C  Wang  and  E.  R  Kunhardt, 
Weber  Reieych  Institute,  PoMechnic  UniversiW.  The  dyn^cs 
oi^anode  and  cathode  dirked  streamers  bave  been  investigated 
using  the  2-D  numerical  simulation  scheme  of  Wu  and  Kunhardt.* 
An  analytical  approach  based  on  process  competition  is  utilized  to 
eluddate  the  transition  between  transient  and  steady-state 
streamer  behavior.  Using  this  approach,  the  fundamental 
(Ramies  responsible  for  the  differences  between  anode  and 
cathode  directed  streamers  are  examined.  We  have  also 
investigated  the  instability  of  axial  streamers  and  their  transition 
to  aimular  streamers.  The  critical  condition  for  this  instability  is 
derived  analytically  and  the  dominant  process  is  determined. 


’Work  supported  by  the  Office  of  Naval  Research  and  National 
Science  Foundation. 

^C.  Wu  and  E.  Kunhardt,  Phys.  Rev.  ^  4396  (1988). 
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'  Energy  Scaling  of  the  Atomic  Xe;Ar  Laser,  DANIEL 
W.  TRAINOR,  L.  LITZENBERGER ,  H.  HcGEOCH,  Aveo  Research 
Laboratory,  Inc. —  The  atomic  xenon  laser  has  been 
scaled  from  the  80J  level  reported  by  Basov  et.  al.^  to 
650J  using  a  large  two-sided  electron-beam  pumped  device. 
These  experiments  were  conducted  at  a  pump  rate  tempo¬ 
rally  and  spatially  averaged)  of  70  kH/cra3  with  energy 
delivered  to  the  laser  gas  (spatially  averaged)  of 
115  J/1.  An  aluminum  primary  mirror  and  an  uncoated 
fused  silica  output  coupler  were  aligned  to  form  a  stable 
flat-flat  resonator.  The  laser  cavity  dimensions  are 
SO  X  65  X  300  cm^.  Energy  measurements  were  made  with 
full  aperture  calorimeters.  The  temporal  pulse  shape  of 
the  1.73  pm  laser  output  was  measured  with  a  spectrally 
filtered  germanium  photodiode.  The  device  was  operated 
at  gas  pressures  ranging  from  20  to  AO  psi  with  argon/ 
xenon  mixtures  containing  experimentally  optimized  xenon 
partial  pressures.  The  maximum  energy  was  obtained  at  an 
intrinsic  efficiency  of  0.57%  A  maximum  efficiency  of 
0.85%  was  observed  during  a  shorter  e-beam  pulse  at  a 
reduced  energy  output  of  A95J. 

*N.  G.  Basov,  et.  al,  IEEE  J.  Quant.  Electron.  QE-21, 

1756  (1985). 


K.KOMATSU,  E.MATSUI,  S.TAKAHASHI,  F.KANNARI  AND 
M.OBARA,  Depi.  of  Electrical  Engineering.  Keio  U..-The  atomic 
Xe.At  laser  operates  with  multilines  in  the  near-infrared  region  of 
the  spectrum.  To  experimentally  understand  the  complicated 
kinetics^  involved  in  the  excitation  and  quenching,  the  time-resolved 
spectroscopic  measurement  was  carried  out  for  a  self-sustained 
discharge  -pumped  Xe:Ar  laser.  The  time-resolved  spectroscopy 
of  the  laser  lines  was  performed  as  a  function  of  the  diluent  (Ar,He), 
excitation  rate,  pumping  duration  and  mixture  pressure.  The 
discharge  laser  is  with  a  discharge  volume  of  2x2x50  cm^  and  a  UV 
preionizer.  The  results  will  be  compared  to  the  direct  electron- 


6pt3/21ii  by  Rare  Gases.*  W.  J.  ALFORD,  Sandla  National 
Laboratories --Quenching  rates  of  the  xenon  6p[5/2]2  and 
6p{3/2)i  levels  by  rare  gases  (He  Ne,Ar,Kr,Xe)  have 
been  measured.  The  quenching  rates  are  obtained  from 
the  6p  fluorescence  decay  following  two-photon 
excitation.  Quenching  by  Ar  is  found  to  be  much  larger 
for  the  6p[5/2)2  level  than  for  6p(3/2)i.  Helium  shows 
the  opposite  behavior:  larger  for  the  6p[3/2]y  than 
for  6p(5/2)2.  Quenching  due  to  three  body  collisions 
have  been  observed  for  Ar  and  Kr  quenching  of  6p[3/2]i. 
In  addition,  radiative  lifetimes  have  been  measured. 
Results  will  be  presented  and  compared  to  previous 
measurements.  Quenching  of  the  6p  manifold  by  rare 
gases  may  be  the  dominant  kinetic  process  in 
determining  which  wavelength(s)  lase  in  high  pressure 
xenon  lasers. 

'^This  work  performed  at  Sandla  National.  Laboratories, 
supported  by  the  U.  S.  Department  of  Energy  under 
Contract  Number  DE-AC0A-76DPO0789. 


The  Effect  of  He  Addition  on  the  Performance  of 
the  Ar/Xe  Atomic  Xenon  Laser. «  Hleko  Ohwa  and  Hark  J. 
Kushner.  University  of  Illinois.  Urbana.  IL — Ar  buffered 
gas  mixtures  for  xenon  lasers  operate  efficiently  and 
predominantly  on  the  1.73  pm  transition.  The  2.03  pm 
transition  Is  virtually  absent.  When  He  is  added  to  an 
Ar/Xe  mixture,  the  laser  power  obtained  at  2.03  pm 
Increases  and  that  at  1.73  pm  decreases  while  the  total 
laser  power  remains  nearly  constant.  This  behavior  Is 
attributed  to  a  rapid  quenching  of  the  lower  level  of 
the  2.03  pm  transition  initiated  by  He.  For  He  addition, 
He/Ar/Xe  mixtures  have  a  lower  electron  number  density 
at  a  given  power  deposition,  and  lower  gas  temperature 
for  a  given  energy  loading.  The  power  deposition  which 
results  in  the  reduction  of  lasing  due  to  electron 
collision  mixing  between  the  upper  and  lower  levels 
therefore  shifts  to  a  higher  value.  We  will  discuss  the 
possible  mechanisms  responsible  for  this  behavior  in 
He/Ar/Xe  mixtures.  We  will  also  discuss  extraction  of 
high  energy  by  comparing  this  system  with  Ar/Xe 
mixtures. 

♦•Work  supported  by  Sandia  National  Laboratory. 


Power  and  Energy  Loading  Effects  in  Sealing  of 
the  Atomic  Xenon  Laser. w  Hleko  Ohwa  and  Hark  J.  Kushner. 
University  of  Illinois.  Urbana.  IL — The  atomic  xenon 
laser  can  be  efficiently  operated  at  moderate  power 
loadings  leading  to  quasi-steady  state  lasing.  At  high 
power  deposition,  though,  electron  collision  mixing 
between  the  5d  and  6p  manifolds  (upper  and  lower  levels) 
reduces  the  population  inversion.  Optimum  performance 
is  obtained  with  n^/H  i  2-3  x  10"*.  High  energy  loading 

at  even  moderate  |,ower  deposition  results  in  gas 
heating.  The  rate  of  ion  association  reactions,  and  the 
rate  constants  for  dissociative  recombination  of 
diatomic  ions,  which  populate  the  upper  laser  level, 
decrease  with  increasing  gas  temperature.  The  result  is 
that  the  electron  density  and  rate  of  electron  collision 
mixing  of  the  laser  levels  Increase  which  may  eventually 
impact  laser  oscillation.  We  will  discuss  the  scaling  of 
laser  power  and  energy  efficiency  of  the  xenon  laser  as 
a  function  of  power  deposition  and  gas  heating  resulting 
from  high  energy  loading. 

♦•Work  supported  by  Sandla  National  Laboratory. 
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LA-6 

Utilization  of  a  Commercial  Discharge  Laser  for  a-i 
Atomic  Xe  Laser,*  W  A.  Neuman  and  J.  R.  Fincke, 

EGfcG  Idaho,  Inc  ,  Idaho  National  EnKineerinR  Laboratory- 
A  commercial  eximer  laser  discharge  system  has  been  used  to 
pump  an  atomic  Xe  lasei.  The  line  strengths  anJ  temporal  be- 
harior  of  the  5d  -*  6p  laser  tremsitions  have  becir  experimentally 
measured  for  a  varietv  of  buffet  gases  and  pr^sures.  Because  the 
discharge  system  has  a  u\  preionizer,  the  discharge  behavior  fa¬ 
vored  helium  buffers,  which  result  in  domination  of  the  2.03  pm 
line  Line  competition  has  been  studied  for  mixtures  of  Ar/He, 
Ar/Ne,  He/Ne  and  Ar/He/Ne  as  well  as  the  individual  buffers, 
at  various  pressures  up  to  2  atm.  Comparison  of  kinetic  calcula¬ 
tions  with  observed  experimental  results  will  be  presented.  The 
discharge  pulse  width  is  20  ns.  Tjpical  extracted  energy  on  all 
lines  is  15  mJ. 


Electron  Scattering  from  and  Dissociative 
Attachment  in  Halo^enated  Silanes*.  H.X.  WAN  and  J.H. 
MOORE,  Department  of  Chemistry  and  Biochemistry. 
University  of  Maryland  -Total  scattering  cross-sections 
and  dissociative  attachment  cross-sections  for  0.2  - 12  eV 
electrons  have  been  measured  for  silane  (SiH4)  and  the 
chlorinated  silanes  (SiHnCLf-n)  and  tetrahalosilanes  (SiX4). 
The  scattering  cross-sections  are  large,  ranging  from  10  to 
over  lOCxlO'16  cm2  m  this  energy  range.  Broad 
resonances  associated  with  temporary  negative  ion  states 
are  observed  and  assigned.  In  contrast  to  the  case  of  the 
halogenated  methanes,  the  dissociative  attachment  cross 
sections  are  very  small,  even  at  threshold,  and  the  scattering 
resonances  do  not  give  rise  to  enhanced  dissociative 
attachment. 


•Work  performed  undei  the  auspices  of  the  U.S.  Department  of 
Energy. 


Current  tinders candlng  and  Remaining  Physics 

Issues  of  the  XeiArfHe.  Wei  Laser**  Mark  J.  Kushner  and 
Hleko  Ohvra.  University  of  Illinois.  Urbana.  IL  —  The 
high  pressure  (i  0.5  atm)  atomic  xenon  laser  (5d  — »  6p) 
has  demonstrated  high  Intrinsic  efficiencies  (3-5%)  over 
a  wide  range  of  pressures  and  power  deposition.  The 
laser  spectrum  (6  major  lines  may  oscillate)  and 
efficiency,  though,  are  separately  sensitive  functions 
of  gas  mixture,  power  deposition,  and  energy  loading. 
Parametric  experimental  data  obtained  over  the  last  15 
years  has  given  insight  to  the  important  kinetics 
pathway  for  exciting  and  quenching  the  laser.  Our 
current  understanding  of  the  operation  of  the  xenon 
laser  based  on  these  results,  and  computer  modeling, 
will  be  discussed.  In  particular,  we  will  highlight  the 
areas  where  we  lack  sufficient  understanding  of  the 
kinetics  to  optimally  scale  the  laser  and  conjecture  on 
the  potential  performance  of  the  system. 

wWork  supported  by  Sandia  National  Laboratory  and 
National  Science  Foundation. 
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LB-1 

Crosi  Sections  for  Low  -  Entrity  Electron  Molecule 
CoUaioni,  H.  PRITCHARD,  C.  WINSTEAD,  K  WATARl', 
M  LlMA*,V.MCKOY,  California  Inatitute  of  Ttchnology.  The 
Schwinger  Multichannel  method  haa  recently  been  uaed  to  study 
several  low-energy  electron-molecule  collision  processes  with  spe¬ 
cial  emphasis  on  the  effects  of  channel  coupling.  Examples  to 
be  reported  include  Ix^  —  lx,  excitations  of  Nj  leading  to  the 
A’EJ.W’&uiin'Au,  b'E;,  and  electronic  states  and  ana¬ 
logous  lx  -•  2x  excitations  in  CO.  Cross  sections  for  excitation 
of  selected  electronic  states  of  HjO  at  the  two-channel  level  will 
also  be  presented  along  with  the  results  of  studies  of  polarisation 
phenomena  in  elastic  scattering  by  the  polyatomics  NHs,  CH4,  and 
SiH,. 


■Supported  by  NASA  Ames  Cooperative  Agreement  NCC  2-31^, 
NSF  Grant  PHY-  8604242,  and  the  Innovative  Science  and  Tech¬ 
nology  Program  of  SDIO  Contract  DAAL  03-86-K-0140. 
’Supported  by  CNPq(Brasil). 

’Permanent  address  University  of  Campinas,  Campi.vas,  Brasil. 


♦Supported  by  NSF  grant  CHE-87-21744. 

LB-3 

”  Extreme  Ultraviolet  Emission  from  Na  by  Electron  Impact:  Cross 
Sections  of  the  c'a  and  b*  ‘S*  States,*  J.  M.  AJELLO,  G.  K.  JAMES 
and  D.  E.  SHEMANSKY,  J.P.L.  and  U.  of  Aritona  —  Emission  cross  sections 
have  been  measured  for  each  of  the  vibrational  transitions  of  the  c^  ’E,  —  X 
’SJ  Carroll- Yoshino  and  b'  ’EJ  —  X  ’E+  Birge  Hopfield  11  band  systems 
of  Nj  excited  by  electron  impact  at  100  eV  in  the  wavelength  range  82  to 
110  nm.  The  C4  ’Ej’  and  b'  ’E.^  states  strongly  perturb  one  another  by 
homogeneous  configuration  interaction,  leading  to  vibrational  excitation  cross 
sections  with  a  v*  dependence  that  is  strikingly  different  to  the  variation  of 
deperturbed  FVanck-Condon  factors.  Excitation  function  measurements  of 
the  C4  (0,0)  and  b'(16,0)  transitions  have  been  performed  from  threshold  to 
400  eV.  A  modified  Bom  approximation  analytic  model  has  been  applied 
to  these  measurements  yieldmg  accurate  band  system  oscillator  strengths. 
Comparison  of  the  emission  and  excitation  cross  sections  shows  that  the  C4 
’Ejl  state  is  less  than  10%  predissociated;  the  predissocation  yield  for  the 
b'  state  is  84%.  These  results  represent  a  substantial  improvement  in  ihe 
available  data  base. 

•This  work  supported  by  the  Air  Force  Office  of  Scientific  Research  and 
the  National  Science  Foundation  (giant  #  ATM  8715709),  and  NASA. 


LB-4 

Heasureiaents  of  Electron-Inipact  Cross  Section 
for  Excitation  out  of  the  HefE^S)  Metastable  Level. * 

R.  B.  L0CK4COD,  F.  A.  SHARPTON,  L.  H.  ANDERSON, 

J.  E.  LAHLER,  and  CHUN  C,  LIN,  Unlv.  of  Wisconsin , 

Had  Ison — In  this  experiment  metastable  He(2^S)  atoms 
formed  In  a  hollow-cathode  discharge  flow  out  of  the 
hollow  cathode  through  an  orifice  Into  a  vacuum 
collision  chamber.  The  vertical  metastable-aton  beam  Is 
crossed  by  a  horizontal  electron  beam  of  energy  up  to 
16  eV.  Radiation  from  the  He(n^L)  atoms  produced  by 
electron  excitation  out  of  the  2’s  metastable  level  Is 
measured  and  utilized  to  determine  the  optical  emission 
cross  sections.  Absolute  calibration  of  the  cross 
section  Is  facilitated  by  a  laser-induced  fluorescence 
experiment  which  gives  the  ratio  of  the  electron 
excitation  cross  section  to  the  known  2^S-*3^P  optical 
absorption  cross  section.  Apparent  excitation  cross 
sections  and  excitation  functions  have  been  obtained  for 
several  n^L  levels.  The  direct  excitation  cross 
sections  for  the  3^P  lev»l  are  found  to  be  ouch  smaller 
than  those  for  3’s  and  3^D, 


*Work  supported  by  the  Air  Force  Office  of  Scientific 
Research. 


A  Study  of  ihe  Pais  Vanaiional  Phase  Shift  Approximation 
and  lis  Exifnsion  Poieniials  wiih  a  Purc-Coulomb  Tail.  S.  R. 
VALLURl,  Dept,  of  Apol.  Maih..  U.  of  Wesiem  Ontario.  CANADA 
and  w.  J.  ROMO,  Qiiawa-.Caflcion  Inst,  for  Pliys...CarkiQD-L!.. 
CANADA.  -  The  accuracy  of  a  variational  approximanonal  scheme  for 
calculating  phase  shifts  in  potential  scaitcnng  problems  that  was  devised 
by  Pais'  is  investigated.  Calculanons  indicated  that  the  method  gives 
fairly  accurate  results  for  all  but  the  very  lowest  partial  waves.  The  par¬ 
tial  derivative  of  the  phase  shift  with  respect  to  the  angular  momentum 
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(95£/95.J  can  be  calculated  for  a  variety  of  potennals  in  the  Pais 
approximation.  This  is  of  importance  since  this  panial  derivative  is 
directly  proponional  to  the  defections  angle  which  has  played  an 
essential  role  in  the  analysis  of  rainbows’  in  heavy  ion  collision^.  The 
Pais  approximation  can  be  of  use  m  computational  physics  since  the 
scattering  processes  can  be  formulated  in  terms  of  a  Sturmian  Bessel  set 
of  functions^.  The  extension  of  the  Pais  formula  to  the  pure  Coulomb 
potential  has  been  studied  and  some  simple  applications  have  been 
worked  out.  The  analysis  of  rainbows'  is  now  under  study. 

1 .  A.  Pais,  Proc.  Camb.  Phil.  Soc.,  42  (1946)  45. 

2.  K.  'W.  MeVoy  et  al;  Nucl.  Phys.  M55  (1986)  1 18. 

3.  S.  'Weinberg,  Phys.  Rev.  (1963)  400. 

G.  H.  Rawitscher,  Phys.  Rev.  C25  (1982)  2196. 


LE*6 

Inelastic  3S-.3P  and  Superelascic  3P-3S  Electron 
Scattering.*  L.  'VUSKOVIfc.  T.Y.  JIhMG.  M.  ZUO,  and  B. 
BEDERSexr,  New  York  U. —  We  r^xjrt  on  "time  inverse" 
processes,  the  inelastic  3S-3P  and  the  si^ierelcistic  3P- 
3S  absolute  differenticil  cross  sections  for  3  and  20  eV 
unpolarized  electron  scattering  by  sodium  over  an 
angular  range  of  abcut  0-20°.  Inelastic  process  corre¬ 
sponds  to  electron  scattering  with  all  atonic  sublevels 
of  initicil  and  final  state  present,  while  in  the 
superelastic  case  the  atons  are  initicdly  pr^ared  by 
circularly  or  linearly  polarized  laser  light  which 
result  in  unequal  initial  state  pc^xilation.  Accordingly 
detailed  balancing  cannot  be  directly  invoked  to  coipare 
the  inverse  reactions,  and  in  fact  our  results  do  reveal 
significant  differences  between  those  processes. 
Experiments  were  preformed  using  crossed-bean  electron 
and  photon  recoil  technique^.  Absolute  cross  sections 
are  obtained^  by  a  suitable  analysis  of  deflection  beam 
profiles  taldng  into  account  all  relevant  beam  cuid 
apparatus  parameters. 

*Work  supported  NSF 

^B.  Jaduszliwer  et  al, .  Riys.  Rev.  a  30,  1255  (1984) . 

2l.  Vuskovi6  et  al.,  to  appear,  Hiys.  Rev.  A  £0,  XXX 
(1989);  T.Y.  Jiang  et  al.,  to  be  published. 


SESSION  MA:  FUNDAMENTAL  DATA  FROM  PLASMAS 

Thursday  afternoon,  19  October  1989 

Rickeys  Hyatt,  Camino  Ballroom  C  at  1:30  P.M. 

J.  E.  Lawler,  presiding 

Oscillator  Strengths  and  Lifetimes  from 
Transform  Spectrometer  Data.  B.  A.  Palmer,  Los  Alamos 
National  Laboratory  -  A  Fourier  transform  spectrometer 
(FTSj  has  been  used  in  the  past  to  measure  branching 
ratios.  The  FTS  data  can  also  be  used  to  augment 
oscillator  strengths  and  lifetimes  because  of  the  inherent 
intensity  accuracy,  the  high  resolution,  and  the  wide 
spectral  coverage.  It  does  however  rely  on  previous 
measurements,  and  this  may  be  the  limiting  factor  in 
absolute  accuracy.  The  various  analysis  techniques  will 
be  discussed  as  well  as  the  inherent  problems,  the  largest 
being  the  lack  of  LTE  in  any  laboratory  source  that  works 
well  with  the  instrument.  The  sources  that  are 
commonly  used,  the  hollow  cathode  and  the  inductively 
coupled  plasma,  will  be  examined  and  the  problems  with 
each  will  be  discussed.  Because  of  the  accuracy  in  the 
FTS,  some  of  the  problems  with  these  sources  can  be 
overcome  in  the  analysis  of  the  data.  Examples  of  these 
techniques  will  be  given. 

MA-2 

Atomic  Dransition  Probability  Measurements  with 
an  Inductively  Coupled  Plasma,  'VV.  WHALING  CalUch, 
T.  R.  O’BRIAN,  M.  W.  WICKLIFFE,  J  E.  LAWLER  U  oj 
Wi)con»in,  J.  W.  BRAULT  NOAO/NSO-  -  The  1-m  Fourier 
TVansform  spectrometer  at  the  National  Solar  Observatory  (Kitt 
Peak)  has  been  used  extensively  by  many  guest  scientists  to 
measure  the  ermssion  branching  fractions  by  which  atomic  level 


lifetimes  can  be  converted  into  individual  atomic  transition 
probabilities  (ATP).  ThI:  conventional  method  of  measuring 
.4TP’s  uses  a  tiny  fraction  (usually  <<  1%)  of  the  spectr^ 
information  in  an  FTS  spectrum  The  inductivly  coupled  argon 
spect.al  source  (ICP)  provides  a  way  to  make  more  efficient 
use  of  the  immense  amount  of  information  in  a  typical  FTS 
spectrum.  We  show  that  the  population  of  excited  levels  in  the 
ICP  approximates  closely  the  Boltzmann  exponential  dependence 
on  excitation  energy.  Measured  lifetime  veJues  for  only  a  few 
levels  spread  over  a  wide  range  of  excitation  energy  determine 
the  excitation  temperature  of  the  ICP  source.  Once  the  relative 
populations  of  excited  levels  are  known,  it  becomes  possible 
to  find  the  ATP  for  tvery  line  that  can  be  classified  in  the 
ICP  spectrum  by  simply  measuring  the  emission  line  strength. 
Application  of  this  method  to  Mo  and  Fe  will  be  reported, 
including  the  computer  techniques  required  to  measure  and 
analyze  the  thousands  of  transitions  accessible  by  this  method. 

Electron  Beam  ion  Traps  (EBIT):  A  New  Tool  for 
Studying  the  Spectroscopy  of  Multiolv-Charged  ions.*  R.  E. 
MARRS,  Lawrence  Livermore  National  Laboratory — An 
Electron  Beam  Ion  Trap  (EBIT)  at  I.LNL  is  being  used  to 
produce  and  trap  ions  with  up  to  82  electrons  removed  (e  g. 
neonlike  U®2+)  for  x-ray  spectroscopy  measurements.  In  EBIT 
highly  charged  target  ions  are  prepared  in  a  selected  ionization 
stage  and  bombarded  with  a  monoenergetic  electron  beam. 
The  available  electron  energy  range  is  presently  0.5  <  Eg  <  30 
keV.  This  technique  has  been  used  to  obtain  precise  energy 
level  (i.e.  Lamb  shift)  measurements,  to  obtain  electron-ion 
collision  cross  sections  for  impact  excitation^  and  dielectronic 
recombination^,  and  ..o  study  x-ray  line  ratios  used  for  plasma 
diagnostics. 

'Work  performed  under  the  auspices  of  the  US  Department  of 
Energy  by  Lawrence  Livermore  National  Laboratory  under 
contract  No.  W-740S-ENG-48. 

IR.E.  Marts  et  al.,  Phys.  Rev.  Lett  60,  1715  (1988) 

■  2d. A.  Knapp  et  al.,  Phys.  Rev.  Lett  62,  2104  (1989) 

MA-4  ♦ 

Evaporativ.e-Cooling  in  Eigetron  Jon  Irspi. 

B.  M.  PENETRANTE,  M.  A  LEVINE+  and  J.  N.  BARDSLEY, 
Lawrence  Livermore  National  Laboratory  -  Evaporative 
cooling  has  been  used  successfully  in  EBIT  to  extend  the 
containment  time  for  neon-like  gold  to  several  hours.  We 
have  developed  a  computer  model  to  elucidate  the 
mechanisms  which  affect  the  energy  and  charge  balance  of 
the  trapped  and  coolant  ions.  With  this  model  we  are  able  to 
self-consistently  determine  the  (a)  ion  density  as  a  function 
of  charge  state,  (b)  spatial  extent  of  the  various  ionic 
species,  (c)  heating  rate  of  the  ions  by  the  electron  beam,  (d) 
energy  transfer  from  the  highly-charged  ions  to  the  coolant 
ions,  (e)  energy  distribution  among  the  coolant  ions,  and  (0 
energy  escape  rate  of  the  ions.  Thus,  for  each  set  of 
operating  parameters  and  amount  of  coolant,  we  are  now 
able  to  predict  the  resulting  number  of  trapped  ions  and 
their  trapping  times,  and  study  the  relative  efficiencies  of 
different  coolants. 

‘Work  performed  under  the  auspices  of  the  U.S, 
Department  of  Energy  by  the  Lawrence  Livermore  National 
Laboratory  under  Contract  No.  W-7405-ENG-48. 

♦Lawrence  Berkeley  Laboratory 

SESSION  MB:  CROSS  SECTION  DATA  II 
Thursday  afternoon,  19  October  1989 
Rickeys  Hyatt,  Camino  Ballroom  D  at  1:30  P.M. 

B.  Bederson,  presiding 

‘  Atomic  Collision  Processes  in  the  Edge  Plasma  of 
Magnetic  Fusion  Devices.  R.A.  PHANEUF,  Oak  Ridge  National 
Laboratory*  -  The  importance  of  atomic  processes  in  the  hot 
centra!  core  of  magnetic  fusion  plasmas  such  as  tokamaks  has 
received  much  attention  over  the  past  decade.  However,  it  has 
only  recently  been  recognized  that  a  detailed  understanding  of  the 
behavior  of  the  cooler  edge  region  near  the  physical  boundary  of 
the  vacuum  chamber  is  critical  to  effective  plasma  confinement 
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and  heating.  This  region  is  characterized  by  electron  tempera¬ 
tures  in  the  1-100  eV  range,  and  relatively  large  densities  of 
neutral  species  such  as  H,  and  hydrocarbons  of  the  type  C„H,. 
Accurate  low-energy  cross-section  data  for  atomic  processes  such 
as  excitation,  ionization,  recombination,  dissociation,  interchange 
reactions  and  charge  transfer  are  required  for  modelling  the  edge 
plasma.'  A  survey  of  data  needs  will  be  presented. 


•Operated  by  Martin  Marietta  Energy  Systems,  Inc.,  for  the  U.S. 
Department  of  Energy  under  contract  No.  DE-AC05-840R21400. 
1.  H.  Tawara  and  R.  A.  Phaneuf,  Comm.  At.  Mol.  Phys.  21, 
177-93  (1988). 


Negative  and  Positive  Ion  Formation  by  Electron 
looact  on  Benzene*.  A.F.  FUCALORO  and  S.K.  SRIVASTAVA, 
Jet  Propulsion  Laboratory,  California  Institute  of 
Technology — We  have  utilized  a  crossed  electron  beam 
and  molecular  beam  collision  geometry  to  study  the 
Ionization,  dissociative  ionization  and  dissociative 
attachment  properties  of  benzene  by  electron  impact. 

A  large  number  of  dissociated  fragments  (both  positive 
and  negative)  have  been  identified  for  the  first  time. 
Threshold  energies  and  cross  sections  for  the  product¬ 
ion  of  various  fragments  have  been  measured.  Threshold 
energies  have  also  been  calculated  from  the  knowledge 
of  heats  of  formation  and  compared  with  the  measured 
ones.  This  comparasion  provides  information  on  the 
bond  structures  of  the  various  radical  fragments. 

These  data  will  be  presented  at  the  conference. 

*Work  supported  in  part  by  Air  Force  Wright 
Aeronautical  Laboratories. 

+On  leave  from  Joint  Sciences  Department,  Pitzer 
College,  Claremont,  CA  91711. 


Electron  Collision  Cross  Seciioti Needs  for  the  KrF  Laser. 
D.C.  CARTWRIGHT  and  P.  J.  HAY.  Los  Alamos  National 
Laboratory,  and  S.  TRAJMAR,  IPL  CalTech  -  Electron  Collision 
processes  play  a  critical  role  in  the  KrF  laser.  These  processes 
contribute  to  the  foimadon  and  the  destruedon  of  the  excimer 
molecule  and/or  have  cridcal  importance  in  determining  the  behavior 
and  perfomiance  of  the  laser  system. 

Although  some  informadon  on  electron  collision  cross  sections 
pero'nent  to  KrF  laser  exists  in  the  literature,  for  a  rather  large  variety 
of  processes  only  fragmentary  data  or  no  information  at  all  is 
available.  The  problem  is  especially  serious  for  collision  processes 
involving  excited  (mosdy  metastable)  species.  Here  we  briefly 
review  the  needs  in  gen^  and  specifically  describe  procedures  we 
have  used  for  esumadng  election  collision  cross  sections  for 
quenching  of  metastable  Ar  and  Kr  and  for  dissocianon  of  molecular 
fiourine. 

The  estimation  of  quenching  cross  sections  is  based  on  die 
principle  of  detailed  b^ance  and  results  will  be  presented  for  both  Ar 
and  Kj  for  electrons  in  the  zero  to  2.5  eV  kinetic  energy  range. 

Estimation  of  F2  dissociation  cross  section  is  based  on  very 
fragmentary  electron-impact  energy-loss  spectra,  the  similarity  of  the 
F2  and  N2  molecule  and  the  available  cross  sections  for  electron 
impact  excitation  of  N2. 


e-CHj  collisions  in  a  Static-(Exact)  Exchange 
plus  Parameter-free  Polarization  Model.  Elastic  and 
Rotational  Excitation  Parameters.  P.  McNaughten  and  D. 
G.  Thompson,  Queen’s  Univ.,  Belfast,  N.  Ireland  and  Ashok 
Jain,  Florida  A  fc  M  Univ.,  Tallahassee,-  We  report  differential, 
integral  tmd  momentum  transfer  cross  sections  for  the  elastic, 
rotational  excitation  and  rotationally  summed  processes  m  an 
exac*  static -exchange  plus  nonadjusiable  polanzation  model  of 
Jain  and  Thompson’.  The  inhomogeneous  scattering  equations 
are  solved  iteratively^  for  all  the  symmetries  (  Aj ,  E,  Tj  and 
Tj  )  considered  here.  We  compare  our  results  with  recent  ex¬ 
perimental  data  in  the  whole  energy  region  (  0.1  -  10  eV  ).  The 


agreement  with  expt.  data  is  excellant  and  much  better  than 
all  previous  calculations.  In  particular,  our  results  on  the  total 
and  differential  cross  sections  are  very  good  below  1  eV  where 
polarization  and  exchange  effects  are  very  crucial. 

1.  A.  Jain  and  D.  G.  Thompson,  J.  Phys.  B15,  L631  (1982) 

2.  P.  McNaughten  and  D.  G.  Thompson,  J.  Phys.  B21,  L703 
(1982). 


Oissoci'ative  Attachment  In  the  Chloromethanes.* 
S.C.  CHU  and  P.D.  BURR6w,  U.  of  Nebraska.  Lincoln-'^ 
Using  a  newly  modified  electron  beam  apparatus  with 
provisions  for  counting  the  ion  fragments,  we  have  re¬ 
examined  the  dissociative  attachment  cross  sections  of 
CH3CI,  CH2CI2,  CHCI3  and  CCI4  ft  low  energies.  The 
cross  sections  are  normalized  to  that  for  O'  from  CO2 
at  the  4.4  eV  peak.l  Because  the  cross  section  for 
CH3CI  is  so  small,  contamination  of  the  gas  bottles  or 
from  the  gas  handling  method  can  lead  to  an  overestimate 
of  the  low  energy  peak.  We  have  found  direct  evidence 
for  both  these  problems.  Our  cross  section  is  substant¬ 
ially  smaller  than  that  derived  recently  from  swarm 
measurements^  and  differs  in  energy  dependence. 

^This  work  was  supported  by  NSF. 

Ig.J.  Schulz,  Phys.  Rev.  1^,  178  (1962). 

2z.L.  Petrovic,  W.C.  Wang  and  L.C.  Lee,  J.  Chem.  Phys. 
90,  3145  (1989). 


Temperature  Dependence  of  the  Vertlcal-Onset- 
Dlssoclative  Electron  Attachment  to  CHnClw.  P.  G. 
DATSKOS.  L.  G.  CHRISTOPHOROU,  .AND  J.  G.  CARTER.  ^  Ridge 
National  Laboratory  and  the  University  of  Tennessee  -  The 
low-energy  (<  1  eV)  dissociative  electron  attachment 
process  in  dlpCl  exhibits  a  vertical  onset  behavior.  At 
300K  the  total  electron  attachment  rate  constant  k^(<e>. 

T)  for  CH3CI  in  Na  is  <  lO'*’  cm"  s'*.  As  T  Is  Increased 
to  750K,  k^{<e>,  T)  shows  a  remarkable  (by  over  4  x  lO” 

times)  increase  which  depends  on  <£>:  two  negative  ion 
states  contribute  to  kj^(<e>.  T),  at  thermal  energies  and 

at  ~  0.7  eV.  At  T  =  750K.  the  k^(<£>.  T)  Is  ~  4  x  10'“ 
cm”  s'*.  The  exceedingly  small  k^(<e>.  T)  at  300K  and 
the  profound  Increases  in  k^{<e>.  T)  with  small  increases 

in  T  (which  may  indicate  infrared  photoenhanced  electron 
attachment)  make  CHaCl  and  its  mixtures  with  buffer  gases 
candidates  for  pulsed  power  switches. 

wResearch  sponsored  by  the  U.S.  Department  of  Energy 
under  Contract  No.  DE-A005-840R21400  with  Martin 
Marietta  Energy  Systems,  Inc. 


MB*7 

Inference  of  HNs  Electron  Attadunent  Cross  Sections 
From  Drift  VeJodtv  and  Electron  Attachment  Rate  Constant 
Data.-t-i-  L.  A.  Schlie,  C.  A.  Denman,  and  M.  W.  Wright**, 
Advanced  Laser  Technology  Division  (WL/ARDI).  Kirtland 
AFB.  NM  87109-6008 

Recently,  it  was  reported  that  the  energetic  azide  HN]  molecule 
is  electronegative.  In  an  attempt  to  further  understand  this 
electron  attachment  process,  detailed  electron  attachment  rate 
constant  data  plus  other  T(jF  (Time-of-Fllght)  expenmental 
results  (Vd,  Di,  and  Dj)  were  measured  over  a  wide  range  of 
£/N  values  and  all  of  the  inert  gases.  Such  data  indicates  the 
very  strong  influence  of  this  electron  attachment  process  on  such 
gas  nuxtures.  In  addition,  the  results  indicate  that  threshold 
energies  greater  than  0.2  eV  exists.  Using  the  Boltzmann 
equation  to  describe  the  electron  kinetics,  these  data  are  used  to 
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infer  the  energy  dependence  of  the  this  particular  process.  The 
algorithms  used  are  discussed  in  detail. 

++  Funded  by  the  Air  Force  Office  of  Scientific  Research, 
Bolling  AFB,  D.C. 

**  Dept,  of  Physics  and  Astronomy,  University  of  New  Mexico, 
Albuquerque,  NM  87131 

SESSION  NA:  POSTERS 

Thursday  afternoon,  19  October  1989 

Rickeys  Hyatt,  Camino  Ballrooms  A  and  B  at  3:30  P.M. 

J.  B.  Jeffries,  presiding 

NA-’1 

Panicle  Simuiation  of  a  RF  DischaroeLNonlocal  Hfecls.* 

M.  SURENDRA  and  D.  B.  GRAVES.  University  of  Calitornia. 
Berhelev  -  A  seH-consistent  1 D2V  partcle-in-cell  sinnulation  ot  a  RF 
discharge  will  be  presented.  Collision  effects  included  in  the  model 
are  elastic  and  ionizing  electron-neutral  collisions  using  realistic 
differential  cross  sections  and  lon-neutral  charge  exchange.  The 
detailed  nature  of  the  model  is  suited  to  an  in-depth  study  of  the 
RF  plasma  and  sheath  dynamics.  Fluid  models  typically  require  the 
use  of  swarm  parameters  either  in  the  local  field  approximationt  or 
in  an  energy  balance  approach^.  The  accuracy  of  these  simplifying 
assumptions  are  examined  by  comparing  transport  properties  and 
inelastic  rates  predicted  by  the  particle  simulation  to  their  local  field 
values.  Furthermore,  the  effects  of  power  and  neutral  gas  density 
will  be  discussed.  Ion  energy  distributions  at  the  electrode  under 
various  operating  conditions  are  also  presented. 

'Work  supported  in  part  by  San  Diego  Supercomputer  Center. 

1  J.  P.  Boeul.  Phys  Rev  A  aS.  2782  (1987). 

2a.  D.  Richards  et  al..  Appl.  Phys.  Lett.  Sfl  492  (1987) 

Probe  Potential  and  Capacitance  Measurements  in  a 
Symmetric  Aroon  RF  Discharge  Driven  al  13.56  MHz.  V.  A. 
GODYAK.  R.  B.  PIEJAK.  GTE  Laboratories  Inc..  Waltham.  MA  - 
The  DC  voltage  and  various  RF  voltage  components  on  a  wire 
loop  probe  located  at  the  mid-plane  of  an  RF  discharge  have  been 
measured  using  RF  probes  with  different  input  capacitance  The 
measurements  showed  that  the  RF  component  on  the  loop  probe  was 
almost  entirely  composed  of  the  second  harmonic  of  the  driving 
frequency.  The  values  of  RF  and  DC  components  of  the  probe 
potential  were  found  to  mainly  depend  upon  the  input  capacitance 
of  the  RF  probes.  Measuring  the  potential  with  RF  probes  of 
different  input  capacitance  enabled  us  to  determine  values  of 
plasma-probe  capacitance  and  to  calculate  true  values  of  DC  and 
RF  potentials.  The  DC  and  RF  probe  potentials  were  compared  with 
predictions  from  various  RF  electrode  sheath  models.  The  v'.lues 
of  probe-plasma  capacitance  and  the  RF  voltage  are  important  in 
designing  an  electronic  circuit  for  probe  diagnositcs  in  an  RF 
discharge. 

NA-3 

Electron  Cyclotron  Resonance  Plasma  Source 
Research  at  the  Untver.sitv  of  Wisconsin-Madison.  H.  M. 
Persing,  N.  Hershkowitz,  A.  Wendt,  D.  Diebold,  M.  H. 
Cho,  University  of  Wisconsin-Madison.  Electron 
cyclotron  resonance  (ECR)  plasmas  have  recently  been 
used  for  a  number  of  applications  such  as  low 
temperature  chemical  vapor  deposition,  plasma  etching, 
ion  beams,  etc.  We  are  investigating  two  such  sources:  a 
commercially  available  source  which  is  employed  as  an 
etcher  and  a  device  built  to  achieve  overdense  (copj »  0)^) 
target  plasmas  with  ne=10f3.  in  both  instances,  we  are 
intent  on  characterizing  the  plasma  sources  by  measuring 
the  radial,  axial,  and  azimuthal  distributions  of  density 
(n*),  electron  temperature  (T,),  and  plasma  {(>p)  and 
floating  (i>f)  potentials  as  functions  of  magnetic  field 
configuration,  microwave  power,  and  neutral  gas 
composition  and  pressure.  Further  investigations  will 
include  measurements  of  the  electron  and  ion  "endloss" 
currents  a.id  their  energ)  distributions.  The  latest  results 
will  be  presented. 


NA-4 

Observation  of  Submicron  Panicles  in  RF  Plasmas.  K.  R. 
STALDER,  SRI  Iniemarional--We  have  observed  submicron  size 
panicles  in  an  parallel  plate  if  plasma.  The  pamcles  were  grown  while 
etching  silicon  wafers  in  CClalVArgon  plasmas.  The  panicles  were 
observed  in  situ  by  a  laser  scattering  appaiams  which  made  vcnical 
scans  between  the  plates.  Particles  tended  to  stratify  in  the  discharge, 
with  the  maximum  particle  density  located  at  the  lower  sheath-plasma 
boundary.  The  panicle  sizes,  calibrated  against  Rayleigh  scanering 
from  test  gases,  are  less  than  0.4  microns  in  diameter.  These  particles 
are  smaller  than  those  reponed  by  Selwyn,  et  al.I  in  a  similar 
experiment.  Possible  explanations  for  the  discrepancies  include 
differences  in  electrode  temperamres,  electrode  materials  and  degree  of 
discharge  confinement.  We  have  not  yet  made  chemical  analyses  of  the 
panicles,  but  we  note  that  they  were  only  observed  while  etching 
silicon  Nucleation,  growth  and  transpon  processes  in  plasmas  will  be 
discussed. 

1.  G.  S.  Selwyn,  J.  Singh  and  R.  S.  Bennett,  to  be  published  in  J. 
Vac.  Sci.  Tech.  A  (July/August,  1989). 


Power  Absomiion  hv  Electron  Cyclotron  Resonance.  D  CARL.  AJ. 
LICHTENBERG,  MA.  LIEBERMAN.  J.  STEINH/.UER.  AND  M.  WILLIAM¬ 
SON.  tlniver^iiv  of  Califomia.  Beiltelev  —  Hectron  cyclotron  resonance 
^CR)  discharges  are  widely  used  for  the  fabrication  of  integrated  circuits. 
ECR  power  absorption  on  a  magnetic  beach  is  calculated  from  linear  wave 
theory  and  from  nonlinear  single  particle  heating  theory.  The  two  results  are 
found  to  be  in  reasonable  agreement  in  the  weak  absorption  limit  where  the 
nonlinear  calculation  can  be  performed.  The  calculations  predict  a  rather  sharp 
cut-off  of  absotbed  power  with  decreasing  incident  power  due  to  the  plasma 
becoming  transparent  to  the  incident  ladiation.  Over  most  power  levels  of 
interest,  however,  the  ECR  power  is  strongly  absotbed.  A  simple  discharge 
model  is  constructed  based  on  these  results.  The  theoretical  results  and  the 
model  are  compared  with  experimental  measurements. 


Studies  of  Microwave  Breakdown  Plasmas  in  Air  bvJhe 
Microwave  Cavity  Perturbation  Technique.*  D.  J.  ECKSTROM  /vND 
M.  S.  WILLIAMS.  SRI  Iniemational-We  have  used  a  329  MHz 
iiucrowave  cavity  to  make  very  sensitive  measurements  of  the  electron 
densities  and  colbsion  frequencies  m  air  following  pumping  by  a  high- 
power  pulsed  2.86-GHz  microwave  source  al  LLNL.  The  S-band 
source  was  focused  through  23-cm  diameter  holes  in  the  cavity 
endwalls.  The  pressure  was  vaned  from  0.01  to  30  torr,  microwave 
pump  power  and  pulse  length  were  adjusted  to  minimum  values 
requir^  to  produce  measurable  election  densities,  which  ranged  from 
2  X  105  to  1  X  lO^/cm^.  Threshold  pump  powers  were  slightly  lower 
than  values  for  cntical  breakdowns,  and  followed  similar  trends  with 
pulse  length  (decreastng  power  but  increasing  energy  with  increasing 
pulse  length).  Electron  density  decay  rates  were  about  lOVsec  from 
O.OI  to  0.3  torr  and  then  increased  linearly  wiih  higher  pressures 
(slower  than  3-body  elecffon  atiachmeni  rates  in  air).  Collision 
frequencies  could  noi  be  measured  below  l  torr.  They  corresponded  to 
calculated  values  for  Te  =  800  K  at  1  torr,  decreasing  to  300  K  at  3  torr 
and  100  K  at  30  ton.  The  latter  value  maj  reflect  a  contribution  of 
negative  ions  to  the  conductivity. 

•Work  supponed  by  AFGL  through  LANL. 


Growth  of  Dlaaond  in  a  DC  Discharge,*  H.  H.  CHU, 
A.  R.  LEFKOW,  R.  REDWING,  L.  W.  ANDERSOH,  H.  G.  UGALLY 
and  J.  E.  LAWLER,  Departuent  of  Physics,  University  of 
Wisconsin,  Madison,  WI  53706 — Diamond  filos  have  been 
grown  using  DC  discharges.  We  have  studied  the  growth 
of  diasond  using  both  a  Ta  spiral  hollow  cathode  and  a 
abnormal  glow  discharge  using  a  Cu  cathode.  The  diaaond 
is  grown  on  a  Si(IOO)  substrate  with  a  feed  gas  of 
0.5-1. OS  CH^  in  Hg  at  a  pressure  of  30  Torr,  with  a  flow 
rate  of  SOsocr.,  with  150V  cathode  to  anode  potential 
difference,  and  a  cathode  to  anode  spacing  of 
0. 5-2.0  cn.  The  substrate  is  heated  resistively  to 
9000;.  The  growth  rate  is  about  0.5  olcrcn/hour.  The 
diaaon.l  is  identified  using  both  Ra-nan  Scattering  and  a 
scanning  electron  microscope.  Spatially  resolved 
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eaisslon  neasjrenents  will  be  reported.  We  observe  a 
glow  near  the  cathode,  a  dark  space,  and  second  glow 
near  the  anode. 

*Researoh  Supported  by  NSF  Grant  Ho.  CD3-3721545  in 
support  of  the  Engineering  Research  Center  -  Plasaa 
Aided  Manufacturing. 


Generaiion  of  carbon  ion  beams  from  a  small  muliicusp 
source*  -  K.N  LEUNG,  M  LOWENTHAL,  W.  STOCKWELL. 
M.D.  WILLIAMS,  and  W.B.  KUNKEL,  Lawrence  Berkeley 
Laboraiorv.  and  J.M.  DAWSON,  UCLA  --  Carbon  ion  beams  are  used 
in  some  experiments  to  form  diamond-like  films.  Negative  carbon  ions 
arc  required  in  Accelerator  Mass  Spectrometry  applications.  In  most 
cases,  the  carbon  ions  are  generated  either  by  dissociation  of  gas 
molecules  such  as  CO,  CO2  or  CH4  or  by  sputtering  graphite  targets 
with  energetic  Cs*  ions.  We  would  like  to  report  a  novel  method  of 
producing  C*  or  C’  10ns  without  the  use  of  gases  or  cesium.  The 
experiment  was  performed  in  a  7.5-cm-diam.  multicusp  source.  A 
graphite  hairpin  filament  was  used  to  generate  the  background  carbon 
vapor  as  well  as  the  pnmary  ionizing  electrons.  Preliminary  results 
showed  that  almost  pure  steady-state  C*  ion  beams  could  be  obtained 
without  employing  any  supporting  gas  for  the  discharge.  An  ample 
amount  of  C"  10ns  has  also  been  observed  when  the  source  was  biased 
for  negative  ion  extraction. 

*  Tliis  work  is  supported  by  the  U.  S.  DOE  under  Contract  Number 
DE-AC03-76SF00098. 


MA.Q  .  * 

Multi-SDeciea  Ambioolar  PiffugMn  / 
T.  Gist  and  A.  Garscadden,  Wright  Research  and 
Development  Center  (WppCl ,  and  H.  Bailey,  Air 
Force  Institute  s£.  Technolgqv  .(flElT),-  An 
improved  model  of  multi-species  ambipolar 
diffusion  has  been  developed.  Previous  models 
based  on, Schottky' s  single  species  ambipolar 
diffusion^  require  assumptions  that  cannot  bo 
justified  from  the  physical  situation,  or  can 
produce  only  numerical  solutions.  The  new 
model,  based  only  partly  on  Schottky' s 
development,  produces  analytic  solutions  for  a 
range  of  realistic  systems,  and  numerical 
solutions  are  often  much  simpler  thaui 
previously. 

Development  of  the  new  model  is  discussed. 
Analytic  and  numerical  solutions  for  realistic 
cases  are  presented.  Validity  and  necessary 
conditions  for  proportionality  are  discussed. 

it 

Work  supported  in  part  by  WBDC  and  AFIT. 

^Diffusion  Theory,  Positive  CslBmOr  K. 

Schottky,  Zeitschr.  f.  Phys.,  October  1924. 


Kinetic  study  of  eleccon  propenies  in  a  capacirivelv 
coupled  RF-discharge.  G.  FROMLING,  Riihr-UniveniiSt  Bochum. 
FRG.  “  The  electron  distribution  function  is  investigated  in  the 
frequency  range  Ve  5  co  «  Vm  where  Ve/m  are  the  collision  frequencies 
of  energy  or  momenmm  exchange,  respectively. 

The  energy  supply  necessary  to  sus’.am  the  discharge  is  modeled 
by  the  reflection  of  the  electrons  at  the  oscillating  space  charge  potential. 
Since  the  thermalizaaon  of  these  electrons  occurs  far  from  this  space 
charge  region  ir.  the  energy  exchange  zone,  the  problem  is  nonlocal. 

The  ultimate  goal  is  the  coirection  of  the  Boltzmann  factor  of  the 
electron  density  and  the  Hertz-Knudsen  formula  for  the  electron 
current.  We  present  first  the  numerical  results. 

NA-11 

Electron  Degradation  Spectra  by  Subexcitation 
Electrons  x.n  Gaseous-  and  Solid-Water,  M.  KIHURA,  H.  A. 
ISHII,  ‘  and  H.  IKOXtlTI,  Arqonne  Hatlonal  Laboratory — 
Electrons  whose  kinetic  energies  are  below  the 
electconj,o-cxoi.tati.on  threshold  are  terced  sobexcitation 


electrons.  Knowledge  of  the  behavior  of  these  electrons 
is  essential  in  radiation  physics  and  chemistry.  We 
have  conducted  a  systematic  study  of  the  moderation  of 
the  subexcitation  electrons  in  H2O  (gas  and  solid)  using 
the  Spencer-Fano  theory  and  its  simplified  treatment, 
the  continuous  slowlng-down  approximation  within  tine- 
dependent  and  time-independent  representations.  Our 
study  shows  that  while  the  general  shapes  of  two 
degradation  spectra  arising  from  the  gaseous  and 
condensed  phases  are  similar,  detailed  structures  as 
well  as  magnitudes  are  quite  different  because  of 
additional  energy-loss  processes  in  the  condensed  phase. 

*Work  supported  in  part  by  the  O.S.  Department  of 
Energy,  Office  of  Health  and  Environmental  Research, 
under  Contract  H-31-109-Eng-38. 

^Suamer  student.  Department  of  Educational  Programs, 

AML. 

NA-12 

Model  of  Plasma  Source  Ion  Implantation  in 
Planar.  Cylindrical  and  Spherical  Geometries.  J.  T 
SCHEUER,  M.  SHAMIM  and  J.  R.  CONRAD,  Plasma  Source 
Ion  Implantation  Group.  tJniversitv  of  Wisconsin  —  A 
model  of  transient  sheath  propagation  has  been  developed 
and  applied  to  Plasma  Source  Ion  Implantation.’  This 
model  assumes  that  the  transient  sheath  obeys  the  Child- 
Langmuir  law2  for  space  charge  limited  emission  at  each 
instant  during  the  propagation.  The  model  predicts  the 
final  sheath  extent  and  average  current  to  the  target  during 
each  high  negative  voltage  pulse  for  planar  cylindrical  and 
spherical  geometries. 

’  J.  R.  Conrad,  J.  L.  Radkte,  R.  A.  Dodd  and  F.  J.  Worzala,  J. 
Appl.  Phys.  62, 4591  (1987). 

2  I.  Langmuir,  Phys.  Rev.  21, 419  (1923);  I.  Langmuir  and  K. 
Blodgett,  Phys.  Rev.  22,  347  (1923);  I.  Langmuir  and  K. 
Blodgett,  Phys.  Rev.  24, 49  (1924). 

GaneraliTtd  Sheath  Coadilion  for  Emilling  and  Reflecting 
Walls  K.-U  BIPMaNN  Piihr-irnivetsilai  Rnchiim.  FRG.  In  ibe  asymptotic 
limit  of  a  small  Debye  length  (Xp-*0)  the  problem  of  the  plasma  boundary 
layer  is  splitted  up  into  the  separate  problems  of  a  collision  free  sheath  and 
quasincuiral  presheath.  For  the  case  of  completely  absorbmg  walls  the  well 
known  Bohm  ’criterion’  (1]  formulates  a  necessary  condition  for  a  stationary 
sheath.  We  reinvestigate  the  problem  of  sheath  formation  accounting  for 
cmittmg  and  reflecting  walls  and  End  a  generalized  sheath  condition.  By  a  ki- 
netic  analysis  of  the  presheath  we  show  that  this  condition  is  usually  fulfilled 
marginally  and  connected  with  a  sheath  edge  Geld  singularity  on  the  pre- 
sheath  scale.  An  analogous  result  was  obtained  earUer  for  absorbing  walls.  [2] 

(IJ  E.  R.  Harrison  and  W.  B.  Thompson,  Proc.  Phys.  Soc.  London  74, 145 
(1959). 

(2]  K.-U.  Riemann,  Phys.  Huids  Bl,  961  (1989). 


A  Micro- Pyrometer  Sv.Mcro  for  Measuring  the  Temperature 
of  F-Lamp  Electrodes.  A  AWADALLAH  and  A.K. 
BHATTACHARYA,  GE  Liphnnf .  Cleveland.  OH  A  Micro 
pyrometer  capable  of  measuring  nme-resolved  tetnperarare  profiles  of 
the  hot  spot  on  the  electrode  of  a  fluorescent  lamp  is  described.  The 
system  has  a  spatial  resolution  of  .0(X)8  inch  in  diameter  and  is  capable 
of  following  the  temperature  excursions  of  the  hot  spot  over  60  Hz  AC 
frequency.  It  is  capable  of  measunng  temperatures  as  low  as  10(X)°  K. 
The  instrument  is  simple  to  construct  and  ea..y  to  operate.  It  was  used 
to  measure  the  temperature  variations  of  the  cathode  spot  as  a  funcuon 


Vol.  35,  No.  8  (1990) 


1830 


of  Uie  phase  of  the  lamp  current  and  a  temperature  averaged  over  60  Hz. 
The  hot  spot  temperature  was  fairly  constant  in  the  cathode  and  anode 
half  cycle.  The  average  hot  spot  temperatures  of  an  electrode  surface 
covered  with  etnission  mix  in  F40W  lamps  operating  on  reference  and 
2-lamp  rapid  stan  ballasts  were  consistently  measured  in  the  range  of 
1400-1500  K. 

®  Mercury  Pressure  Effects  on  Convection  in  Horizontal 
Discharges,  M.E.  DUFFY  and  P.Y.  CHANG,  G.E.  Lighting  — 

A  Ihree-dimensio"  convection  model  has  been  developed  and 
used  to  investigo...  orizontal,  high  pressure  mercury  vapor  arcs 
The  model  solves  the  coupled  momentum,  mass  continuity,  en¬ 
ergy  and  electric  field  equations.  The  numerical  approach  is 
capable  of  handling  irregular  geometries  of  offset  electrodes  as 
well  as  curvature  of  arctube.  The  effects  of  mercury  pressure 
on  arc  centering  and  wall  temperature  are  reported  by  both  the 
theoretical  model  and  by  measurements  of  curved  arctubes  with 
offset  electrodes.and  varying  do.ve  weight.  Aqiiadag  spot  temper¬ 
atures  on  the  arctube  wall  verify  qualitative  model  predictions. 
Line  of  sight  arc  intensity  measurements  shtivv  the  effect  of  in¬ 
creased  buoyancy  with  higher  mercury  pressure.  A  similar  trend 
is  also  obtained  from  the  model.  The  data  are  used  to  set  a  ge¬ 
ometry  dependent  model  parameter  approximating  the  effect  of 
radiation  absorption  by  the  cold  gas  surrounding  the  arc. 

NA-16  Short-Gap  Breakdovm  In  He:  the  Effect  of  Inpuri- 

rltles*.  j.P.  NOVAK  and  R.  BARTNIKAS,  IREQ,  Varennes, 
Quebec,  Canada  —The  experimental  arrangement  consisted 
of  a  pyrex  glass  vacuum  chamber  and  tvo  stainless  steel 
electrodes  of  5.08  cm  diameter  with  the  edges  rounded  to 
a  0.32  cm  radius,  seprated  by  a  0.48  mm  gap;  Holt  pres¬ 
sure  was  below  IxlO"'*  Torr  and  before  experiments  the 
gap  was  degased  by  a  glow  discharge.  Working  pressure 
was  760  Torr  with  relative  pressure  of  the  added  dry  air 
between  «  0  and  3xl0"’ .  The  evaluated  breakdown  voltage 
Ubr  of  the  mixture  was  250,  259,  268,_285  and  309  V  for 
the  relative  pressures  ssO,  10  3x10”'',  10  *  and  3x10 

respectively.  The  Initial  current  Increase  (recorded  up 
to  about  500  pA)  was  very  nearly  exponential.  The 
inverse  time  constant  of  the  current  rise  as  measured  at 
the  voltage  Ubi-+10(V)  was  0.051,  0,15  ,  0.26  ,  0.47  and 
0.96  ps“*  at  the  corresponding  relative  pressures  as 
above.  In  the  near  proximity  of  the  breakdown  voltage 
(measured  up  to  about  Ubr  +  25  V),  the  inverse  time  con¬ 
stant  was  approximately  a  linear  function  of  the  overvol¬ 
tage  with  the  slope  rapidly  increasing  with  the  relative 
pressure  of  the  air. 

*  This  vnirk  was  supported  by  CEA  (Canada) . 


^  ^ Line  Broadening  in  Laser-produced  Oxygen  Plasmas? 

L.S.  Ozelzkalns  and  W.A.M.  Blunberg,  Geophysics 
Laboratory  (AFSC).  P.C.F.  Ip  and  R.A.  Armstrong.  Mission 
Research  parp..  H.I.  Conner  and  C.C,  lin,  U.  of  Wisconsin 
—  Ultra-broad  spectral  lineshapes  have  been  measured  in 
the  short-  to  medium-wavelength  IR  for  laser-produced 
oxygen  plasmas.  Atomic  oxygen  emissions  were  observed  in 
tte  CL  LINUS  facility  in  which  Op  at  pressures  of  30-190 
torr  was  irradiated  with  a  pulsed  Nd:YAG  laser  with  peak 
laser  intensities  of  (1-I0)xl0l2  H/aaZ.  Time-resolved 
spectra  were  obtained  over  the  wavelength  range  1.5-8. 5 
microns.  The  IR  observations  are  being  analysed  using  a 
line  broadening  theory  which  treats  the  interactions  of 
the  emitting  oxygen  atom  with  both  the  plasma  ions  and 
electrons.  The  effect  of  the  ions  is  calculated  in  the 
quasi-static  approximation  using  perturbation  theory  and 
the  electron  broadening  is  obtained  from  impact-parameter 
calculations  of  electron  collision  cross-sections.  The 
method  will  be  applied  to  our  observations  of  oxygen  atem 


Rydberg  state  emissions  to  determine  the  relative  impor¬ 
tance  of  ion  versus  electron  broadening. 

^Supported  by  the  Air  Force  Office  of  Scientific  Research 
and  the  Defense  Nuclear  Agency. 

Time  Dependent  Solution  of  Boltzmann  Equation  in 
Self-sustained  XeCl  Discharges  Coupled  to  Plas.'aa 
Chemistry  and  Circuit  Equations,  C.  GORSE  and  K. 
CAPITELLI ,  U.  of  Bari,  Centro  Studio  Chinica  Plasni 
(CHR)  — Tine  dependent  Boltzmann  equation,  including 
electro.n-electron  and  superelastic  collisions,  coupled 
to  plasma  chemistry  and  circuit  equations  has  been 
solved  for  a  self-sustained  XeCl  discharge.  The  main 
results  can  be  summarized  as  follows  1)  the  ti.te 
dependent  solution  of  Boltzmann  equation  is  necessary 
during  part  of  the  temporal  evolution  specially  when  the 
electric  field  drops  to  small  values  2)  superelastic 
vibrational  and  electronic  collisions  play  a  non 
negligible  role  during  the  laser  action.  The  accuracy  of 
the  code  has  been  tested  by  comparing  theoretical 
results  with  the  corresponding  experimental  ones 
obtained  in  the  National  Laboratory  of  Frascati,  showing 
in  general  a  satisfactory  agreement  for  the  behaviour  of 
laser  output  i)  versus  charging  voltage  (30  V^  50kV) 
at  fixed  pressure  (P=3atn)  ii)  versus  pressure  (1.5  P 
3  atm)  at  fixed  charging  voltage  (V^=45kV). 


NA-19 

Study  of  UV  and  VUV  fluorescence  of  hioh  pressure 
rare  gases  excited  by  dielectric  controlled  discharge  : 
third  continuuD  of  Aroon  *.  C.  Cachoncinlle  and  J.H. 
Pouvesle,  CHRS/Universitv  of  Orleans.  France,  and  F. 
Davenloo,  J.J.  Coopan  and  C.B.  Collins,  The  University 
of  Texas  at  Dallas — We  report  the  observation  of  the 
third  continuum  of  Argon  centred  at  188  nn  (FWHh  s  20 
no)  in  plasmas  excited  in  high  pressure  (100  to  4000 
torrs)  Argon  and  Argon-reactant  gas  mixtures  by  fast 
high  voltage  pulses  in  a  dielectric  controlled  dis¬ 
charge,  The  effect  of  various  reactants,  such  as  He, 
Xe,  Nj  and  ,  on  the  fluorescence  yield  and  decay  has 
been  studied  leading  to  the  determination  of  the  corres¬ 
ponding  rates.  In  contradiction  to  what  has  been  repor¬ 
ted  previously  (If,  under  our  discharge  conditions,  the 
presence  of  large  amounts  of  helium  doesn't  affect 
significantly  the  argon  fluorescence  in  that  domain. 
This  and  other  experimental  results  necessitate  a  reexa¬ 
mination  of  the  last  assingment  (1)  of  the  origin  of 
this  third  continuum  to  a  transition  between  Rg**Rg  and 
Rg'Rg’  molecules.  Analysis  is  presently  in  progress. 

»  Work  supported  in  part  by  NATO  grant  n’  890508. 

(1)  H.  Langhoff,  Optics  Comm.,  31  (1988). 


NA-20 

Hofei  of_electrons.  ions,  and  fast  neutrals  in  H; 
at  very  hl£h  E/n.  A  V  PHELPS,  JILA.  University  of 
Colorado  and  NIST.  - •  Previously  assembled^  cross 
secclons  and  swarm  coefficients  for  electrons,  H"*",  H2''’, 
H3'*’,  H,  Hg,  and  H“  in  H2  arc  used  to  model  the  current 
growth  and  spatial  dependence  of  light  emission  for  low 
current  discharges  in  H2  at  very  high  E/n.  Ac  E/n  < 
1000  Td  Che  H3'''  ion  is  dominant,  but  for  E/n  >  3000  Td 
H2'''  ions  are  dominant.  The  H'*'  to  H3''’  ratio^  increases 
with  E/n  to  about  30%  at  1000  Td.  H”  ions  can  be 
neglected.  At  E/n  >  10  kTd  the  predicted  excitation  of 
Balmer-o  emission  is  primarily  by  fast  H2  and  fast  H. 

The  predicted  spatial  dependence  of  the  H2  a^Z-'*'  -• 

near  UV  transition  by  alectrons  peaks  snarply 
near  the  cathode  and  is  very  small  elsewhere.  This 
result  is  inconsistent  with  measurements^  for  D2  and 
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with  initial  data*  for  H2.  We  propose  that  this  UV 
excitation  is  caused  by  fast  H  or  H2  collisions  with  H2. 

^A.V.  Phelps,  Int.  Conf.  Physics  of  Electronic  and 
Atonic  Collisions,  New  York,  July,  1989. 

Fletcher  and  H.  A.  Blevin,  J.  Phys.  D  Ji*,  27  (1981). 
H  Jelenkovii  and  A  V.  Phelps  (unpubli  icd) . 

*Z.Lj.  Petrovii  and  A.V.  Phelps,  1989  Gaseous 
Electronics  Conference. 


NA-21 

Pensity  Heasurgnent  of  the  Ketastable  Hq|6^pA)  in  a 
Hq-Ar  tw-Pressure  O'ischarqe.  P.  HQSKOWITZ,  GTE  Products 
Coro.,  Danvers,  HA  01923  --  The  radial  density  distri- 
bution  and  absolute  density  for  the  (>^z  metastable  level 
of  mercury  in  the  positive  coluiin  of  a  low-pressure 
mercury-a*'gon  disc,  arge  has  been  measured  -sing  the  modu¬ 
lated  linear  absorption  (HLAI  .thod.l  The  6^P2  level  is 
one  of  three  closely  spaced  leve’s  (6^Po,l,2)  that  play  a 
crucial  role  in  the  operation  of  a  fluorescent  lamp. 
Knowledge  of  the  metastable  state  density  can  aid  in  the 
validation  of  models  for  fluorescent  lamps.  In  the  HLA 
technique,  the  output  of  a  tunable  dye  laser  is  split  in¬ 
to  pump  and  probe  beams.  The  pump  is  100'  modulated,  and 
saturates  the  atomic  transition  of  interest,  while  the 
weak  probe  intersects  the  pump  at  right  angles  inside  the 
discharge.  Synchronous  detection  of  the  probe  yields  pin¬ 
point  density  information  at  the  intersection  zone,  obvi¬ 
ating  the  need  for  Abel  inversion  of  the  data.  This  re¬ 
duces  the  error  propagation  and  inherent  uncertainties 
associated  ttit*-  Abel  inversion.  Model  predictions  and 
experimental  results^  for  the  density  of  Hg(6%2)  have 
recently  appeared  in  the  literature.  Densities  measured 
under  varying  discharge  conditions  are  compared  with 
these  published  results. 

1  P.Hoskowitz,  Appl. Phys. Lett. 50(14), 891(1987) 

2  J.T. Dakin  and  L.Bigio,  J. Appl .Phys. 63, 5270(1985) 


NA-22 

fituiiv  of  Negative  Ion  Forcatlon  bv  Electron 
Impact  on  PlchlorOBechane.  Toluene.  Xvlene  andTrlchloro 
ethane.*  C.  TIMMER  and  S.K.  SRIVASTAVA,  Jet  Propulsion 
Laboratory,  California  Institute  of  Technology  —  A 
crossed  electron  beam  and  molecular  beam  collision 
geometry  has  been  employed  to  study  the  process  of 
negative  Icn  fcrmatior.  from  the  above  molecules.  Cross 
section  data  on  these  molecules  are  not  readily 
available.  It  Is  found  that  both  dissociative  attach¬ 
ment  of  electrons  and  polar  dissociation  are  respon¬ 
sible  for  the  production  of  negative  ions.  In  the  case 
of  dlchloromethane  and  trichloroethanc,  the  cross 
sections  are  very  large  for  the  appearance  of  Cl" 
(masses  35  and  37).  Cross  sections  for  the  production 
of  the  various  negative  Ions  from  toluene  and  xylene 
are  small.  The  various  negative  Ion  spectra  and  cross 
sections  will  be  presented  at  the  conference. 

*Work  Supported  in  part  by  Environmental  Protection 
Agency. 


NA-23 

Plasma  Line  Broadening  in  Molecular  Spectra  in  D.C.  Glow 
Discharges.  W  T  CONNER  and  RC  WOODS,  U.  of  Wisconsin- 
Madison--Ceriain  nearly  degenerate  molecular  states  can  be  perturbed 
by  the  modest  plasma  densities  in  glow  discharges.  We  have  studied 
the  millimeter  wave  rotational  spectra  of  the  /-doublets  of  HCN  and 
HCO'  in  excited  states  of  their  bending  vibrations.  These  transitions 
are  much  broader  and  weaker  than  their  unperturbed  countcrpnrts, 
due  to  their  fast  Stark  effect.  This  broadening  was  measured  as  a 
function  of  plasma  density.  Models  of  this  effect  based  on  the  impact 
and  quasi-static  limits  have  been  developed.  The  impact 
approximation  is  favored,  for  both  ions  and  electrons,  on  theoretical 
grounds  and  is  supported  by  the  data.  Surprisingly,  the  quasi-static 
model  simulates  the  observed  spectra  fairly  well  too.  We  have  also 
applied  both  models  to  atomic  oxygen,  see  the  poster  Lme  Broadening 
in  Laser -prod  tced  Oxygen  Plasmas  by  L.  S.  Dzelzkalns  et.al. 


NA-24 

Stark  Broadening  in  Hie)i  Pressure  Helium  Plasmas 
-L.W.  Downes,  S.D.  Marcum  and  W.E.  Wells,  Miami  Uni¬ 
versity,  Oxford  OH,  and  J.O.  Stevefelt,  GREMI,  University 
d’Orleans,  France.~We  have  investigated  the  electron, 
atomic  (23S)  and  molecular  (23z)  metastable  densities  in  high 
pressure  (100  -  4000  Torr)  helium  plasmas  duringthe  discharge 
and  afterglow  periods  of  a  long  pulsed  (900  ns)  electron  beam 
discharges  (250  KeV,  10  A/cm").  Using  the  broadening  of  the 
388.9  nm  (23s-^  S^P)  line  and  removing  the  pressure  broad¬ 
ened  and  instrument  (gaussian)  components,  we  have  found 
the  lorentzian  that  fits  the  Stark  broadened  spectrum.  ’Tho^ 
fits  suggest  electron  densities  in  the  range  of  lO^^-iolS  cm'3. 
Metastable  densities  were  also  determined  from  the  lorentzian 
fit  to  the  lines.  We  present  the  results  of  the  study  along  with 
the  pressure  broadening  parameters  for  high  pressure  helium 
plfismas.  Comparisons  with  calculated  densities  from  a  kinetics 
model  of  such  plasmas  are  also  presented  and  discussed. 


The  Effect  of  Radiative  Cascade  on  Cesium  Excited 
State  Populations  in  Thermionicallv  Assisted  Ar-Cs  Dischar- 
M.L  TACKETT,  S.D.  MARCUM,  Miami  University, 
Oxford,  OH,  B.N.  GANGULY,  AFWAL,  WPAFB,  OH  -  A 
model  has  been  constructed  that  allows  calculation  of  cesium 
excited  state  densities  in  low  pressure  (0.1  Torr  Cs,  2  Torr  total 
pressure)  Ar-Cs  discharges  that  use  a  heated  cathode  (700-1200 
K).  The  model  assumes  that  the  dominant  creation  processes 
are  electron  impact  excitation  from  the  ground  state  and 
radiative  cascade  from  higher  levels  while  destruction  is  by 
spontaneous  emission.  Results  are  reported  for  the  range 
Ne=  10®-10ll  cm’®  and  Te=2000-4000  K.  The  model  indicates 
cascade  contributions  to  excited  state  densities  in  the  range  of 
30%  for  a  number  of  cesium  levels.  Predicted  emission  spectra 
show  similar  cascade  contributions  to  line  emission  intensities 
and  agree  well  with  measured  spectra.  Electron  temperatures 
and  densities  based  upon  comparison  of  predicted  and  mea¬ 
sured  spectra  are  presented  and  discussed. 

’Work  supported  by  U.S.  Air  Force  (WPAFB). 

NA-26 

A  Study  of  the  Influence  of  oopulation  of 
Mercury  on  the  Electron  leiKoerature  in  a  Hq-Ar  rf 
discharge.  L.  Haleki,  B.  Blasenheira  and  G.  Janik,  Jet 
Propulsion  Laboratory--  We  have  studied  the  influence  of 
laser  irradiation  on  the  line  emission  of  an  rf  excited 
mercury- argon  discharge.  Ihe  discharge  is  produced  by 
inductively  coupling  rf  power  to  a  closed  cell  containing 
a  small  amount  of  Hg  and  Ar  at  1  Torr  of  pressure.  The 
laser  excites  the  7  ’Sj  level  of  mercury  from  the  ’Py 
metastable  level.  The  influence  of  the  depletion  of  the 
metastable  population  on  the  discharge  parameters  is 
determined  through  monitoring  changes  in  the  intensity  of 
lines  present  in  the  discharge  emission.  By  examining 
this  effect  we  have  determined  that:  I]  electron  Impact 
excitation  from  ’Pj  level  is  the  dominant  mechanism  for  the 
excitation  of  upper  levels  in  neutral  mercury,  but  not  in 
the  singly  ionized  mercury  or  neutral  argon;  and  2) 
depletion  of  metastable  population  by  laser  light  closes 
the  excitation  channel  mentioned  above  and  thus  increases 
the  electron  temperature  in  the  discharge. 

The  Research  described  in  this  paper  was  carried  out  by 
the  Jet  Propulsion  Laboratory,  California  Institute  of 
Technology,  under  a  contract  with  NASA. 


NA-27 

^^ul^iplv  ChxrceJ  Noble  Excimert.  P  D  HAAL.ASD  ind  R. 
A  DEE^IER.  Air  Foret  Imlitule  of  Tfthnologv  -  Radix! ivc  rharge 
trar.sTer  from  He**  to  He  has  been  experimental!}  probed  bv  John- 
aon  c(  cl.‘  and  theoretically  characteriied  b}  Cohen  cl  cl.*  The 
quantum  constramU  on  radiative  charge  transfer  from  heavier  mul¬ 
tiply  charged  ions  are  less  well  dehned.  tVe  report  the  resulls  of  «» 
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inifio  clecttomc  tlructure  caleuUlions  for  the  re&ction  of  Ke^*  with 
A'e: 

A'e’+  +  St  ■=  [A’e5+1  2A'e+ . 

Potential  enetg>'  surlMet,  trinsilion  moments,  and  the  implications 
of  radiative  charge  transfer  kinetics  for  the  extraction  of  stimulated 
vacuum  ultraviolet  radiation  Kill  be  described. 

•R.  Johnson  and  M.  8i»d:.  Thya.  Rev.  All.  19<  (1975) 

‘J.  Cohen.  J.  Wadthra.  and  J.  Bardalcy.  PLya.  Rev.  All.  996. 959  (1975) 


NA-28  Global  Potential  Energy  Surfaces  o€  HaCl*  and 
CoDparlson  with  Experleents  Th.  GlenewiRkel-Hsyer,  P. 
Knowles*.  Ch.  Ottinger,  P.  Rosnus’  and  H.J.  Hamer’ 

KPI  fur  Stroaungsforschung.  Gottingen.  FHG 

Tne  thrro  lowest  HjCl^-PES  of  A^Sy=etry  were 
calculated  using  the  eb-initio  KCSCF  (CAS)  and  KR-CI 
approaches.  The  Gaussian  basis  set  for  the  H  atoa 
consisted  of  10  s-functlons  (Huzlnaga)  and  additional  4 
p-  and  2  d-functions;  for  the  Cl  atoa  a  slightly 
aodlfied  and  augssented  Partridge  17-12  basis  set  was 
used  coabined  with  additional  4  d-  and  2  f-functions. 
This  set  was  contracted  to  Cl  [7s,7p.4d.2f] ,  H 
[7s,4p,2d].  The  calculations  were  done  pointwise  for 
H-Cl  distances  ranging  froa  2  to  6  bohrs  at  0.2  bohr 
Intervals.  For  different  Cg  geoaetries.  e.g.  I  KCIH  - 
90*  and  i  HCIH  =  175*.  the  behaviour  of  the  three  PES 
was  studied.  In  particular,  the  presence  and  location  of 
conical  Intersections  was  investigated. 

Experiaents  done  in  our  group  on  luainescent  charge 
transfer  of  H**HC1(X*E*)  were  coapared  to  the  theore¬ 
tical  results.  The  observed  high  rotational  excitation 
of  the  product  HCI^Ca’I*)  at  low  collision  energies  is 
due  to  an  avoided  crossing  which  allows  the  reaction  to 
'taJee  place  only  in  a  bent  configuration,  with  an  KCIH 
angle  soaewhere  between  60*  and  100*. 

’U.Casbrldge.  UK;  *U.Frankfurt.  FRG;  ’U.Bielefeld.  FHG 


^^*2®  Fomatlon  of  XeCl  and  Xe;Cl  J)urlne  Three  Bodv_ 
Reconbinetlon  of  Xe2'*'_and  Cl*.  W.  L.  K0aCA.H.  JHA., 

Vnlv.  of  Colorado  &  NIST  and  Ktneaa  Research.  Konuaenc. 
CO  80132  and  D.  R-  BATES.  Ouyen’s  University  of 
Belfast- -Recent  eeasurecents*  have  shown  XeCl  to  be  a 
product  of  the  three  body  recoabinatlon  of  the  xenon 
dicer  ion  and  the  chlorine  negative  ion.  This  is  in 
contrast  to  the  conventional  wisdoc  where  ve  would 
expect  the  colecular  ion  to  sicply  recoebine  to  fora 
Xe2Cl.  We  have  perfoiaed  cany  body  Konte  Carlo 
siculations  of  the  trajectories  of  Xe-Xe'*'  and  Cl'  as 
a  function  of  pressure  in  a  xenon  buffer  gas  in  order  to 
study  the  recoebination  process.  We  find  for  low 
pressures  that  enough  energy  is  gained  between 
collisions  with  the  background  gas  to  rotationally 
excite  and  eventually  dissociate  the  Xe2^  ion;  this 
leads  to  XeCl  being  a  core  probable  recoebination 
product  than  it  eight  otherwise  be. 

^S.P.  Hezyk.  R.  Cooper,  and  J.  Sherwell.  subaitted  to 
J.  k.-iys. 


NA-30 

Radiation  Trapping  under  conditions  of  Low  to 
Moderate  Optical  Depth.*  I.  COLBERT  and  J.  EUEKXEXEiiS, 

Lehigh  U.  — He  have  studied  trapping  of  resonance 
radiation  under  conditions  of  coderate  to  low  line- 
center  optical  depths  in  sodlua  argon  elxtures.  We 
report  ceasured  effective  radiative  decay  rates  which 
are  coapared  to  predictions  of  Che  Post  and  the  Milne 
theories  of  radiation  trapping.  These  theories  are 
expected  to  be  valid  for  lineshapes  with  low  to 
coderate  line-center  optical  depths,  where  the  Holstein 
theory  of  radiation  trapping  is  expected  to  break  down. 
The  experioent  is  perforrted  under  conditions  where  the 
radiation  crapping  is  docinaced  by  either  the  Doppler- 
broadened  Gaussian  or  by  an  iepact -broadened  Lorentzian 


llneshape  function.  The  ceasured  effective  radiative 
rates  agree  well  with  rates  predicted  by  the  theories 
over  Che  range  of  low  to  coderate  optical  depths. 

*Work  supported  by  GTE  Laboratoies  Inc.,  General 
Electric  Corporate  P.esearch  and  Developcent,  and  Che 
Haclonal  Science  Foundation  under  grant  PHY-8451279. 


NA-31 

Collislonal  Relaxation  of  KH(^2~.  v-1-2)  by  H, 
and  K-..*  D.  J.  FLANAGAK,  S.  J.  LIPSON,  J.  A.  DODD,  an« 
H.  A.^H.  BLUM3ERG,  Geophysics  Laboratory  (AFSC),  J. 
PERSCN  and  B.  D.  CP.EEM,  Physical  Sciences  Inc., —  The 
rate  constants  for  the  relaxation  of  vibrational  levels 
v«1  and  2  of  KHC^  Z")  by  Kj  and  Kj  have  been  ceasured. 
Vibrationally-excited  KH  was  produced  by  the 
reaction  in  N2/K2  nlxtures  irradiated  by  a  pulsed  35 
keV  electron  bean  in  the  GL  LABCaJE  facility.  Tice- 
resolved  spectra  of  KH  fu.ndasental  band  ecission  were 
observed  using  a  slow-scanning  Kichelson  interferoceter. 
Tine-resolved  histories  of  the  populations  of  KH  vibra¬ 
tional  levels  v»l-3  were  obtained  using  a  synthetic 
spectral  fitting  code.  Rate  constants  for  the  relaxa¬ 
tion  of  vibrational  levels  v»1  and  2  by  K2  and  H2  were 
determined  from  the  population  histories  by  kinetic 
modeling.  Additional  kinetic  analysis  was  required  to 
infer  the  effects  of  quenching  by  beam-created  K  and  H 
atoms.  These  results  are  important  for  predicting  the 
IR  spectra  of  KH  produced  by  combustion  processes. 

•Supported  by  the  Air  Force  Office  of  Scientific 
Research. 


SESSION  NB:  NOVEL  PL.4SMAS 
Thursday  afternoon,  19  October  1989 
Rickeys  Hyatt,  Camino  Ballroom  D  at  3:43  F.M. 

C.  B.  Fleddennann,  presiding 

NB-1 

Relativistic  Plasmas  Produced  hv  Intense 
Lssfira.*  J.  N.  BARDSLEY  and  B.  M.  PENETRANTE, 
Lawrence  Livermore  National  Laboratory  -  The  quiver  t 
motion  of  electrons  in  the  focal  regions  of  intense  lasers 
can  be  disturbed  significantly  by  space-charge  forces  and 
spatial  inhomogeneities  in  the  laser  field.  Independent- 
electron  simulations  of  these  effects  have  been 
performed^,  and  a  multi-electron  particle-in-cell  code 
has  been  developed.  These  codes  are  being  applied  to 
analyze  laser-induced  nuclear  reactions,  the  production 
of  high-order  harmonic  radiation,  and  the  use  of  shtjrt- 
pulse  lasers  to  pump  short-wavelength  recombination 
lasers. 

*Work  performed  imder  the  auspices  of  the  U.S. 
Department  of  Energy  by  the  Lawrence  Livermore 
National  Laboratory  imder  Contract  Nc.  W-7405-ENG-48. 

Ij.  N.  Bardsley,  B.  M.  Penetrante  and  M.  K.  MitUeman, 
Phys.  Rev.  A  40  (1989)  in  press. 

NB-2 

Wide  Area  Disc  Shioe  Plasma  Source  for  Energy 
Asslsced  CvT).*  Z.  ra.  T.  SHESC,  K.  Z^SS/Sl.  3.  ?IKLSTR0.“. 
and  G  J.  {XJLLIKS.  Desarcetnc  of  Eleccrleal  Er.gtnaertre. 
Colorado  Seatg  Universlcv.  -A  wide  area  disc  shape 
plasma  source  up  co  20  cm  in  dlamecer  is  ger.erared  by  a 
ring  cachode  electron  beam.  VUV  phocons,  exclced 
species,  and  radicals  created  from  the  disc  plasmw  can 
all  assist  dissociation  of  chemical  vapor  deposition 
feedstock  reactants  via  volume  photo-absorption  and 
sensitized  atom-molecule  collisions,  respectively.  In 
addition,  the  excited  radical  flux  and  VITJ  impingement 
on  the  fils  cay  also  assist  heterogeneous  surface 
reactions  and  increase  surface  mobility  of  absorbed 
species.  Microelectronic  thin  films  including  amorphous 
silicon.  AiK  and  SijK^  have  been  deposited  at 
temperatures  betvaen  100*C.AOC*C.  The  depusltcd  films 
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show  slgnlficAnf:  lu['roveii.2r.c  over  other  photo-assisted 
CVD  processes  in  the  i'llic  quality,  low  substrate 
temperature  and  the  oaxiaua  deposition  rates  achieved. 

*Hork  supported  by  National  Science  Foundation,  Naval 
Research  laboratory  p-'d  Applied  Electron  Corporation. 


NB-3 

Plasma  Processes  in  Soft  Vacuum  Electron  Beams  Used 
for  Microelectronic  Film  Processing.  G.  J.  COLLINS,  Colorado 
Stale  Uni  versity  -  Soft  vacuum  (0.05  -  3  Torr)  glow  discharge 
generated  electron  beams  arc  employed  to  create  a  large  area  plasma 
for  assisting  chemical  vapor  deposition  (CVD)  of  microelectronic 
thin  films,  zone  melt  recrystallization,  hardening  of  polymer  r'llms, 
and  pattern  definidon  in  polymer  films.  The  electron  beams  are 
operated  on  both  a  continuous  and  a  pulsed  (20-100  nsec)  basis, 
liie  electron  beam  spatial  intensity  and  energy  profiles  have  been 
quantitied  from  generation  in  the  cold  cathode  sheath  to 
impingement  on  the  substrate  surface  for  each  unique  application. 
The  properties  of  electron  beam  assisted  CVD  films  are  cataloged 
and  compared  to  conventional  plasma  assisted  CVD  films.  Zone 
melt  reciystallization  silicon  films  are  compared  to  those  using 
conventional  strip  heaters.  Submicron  feamres  (-  0.5  pm)  from  a 
stencil  mask  have  been  transferred  into  PMMA  by  '‘•e  pulsed 
electron  beam.  Pulsed  electron  beam  hardening  of  /iZ-type  resist 
patterns  were  also  achieved  with  hardened  resist  patterns  stable  to 
the  temperature  up  to  350‘’C. 


NB-4 

Electron  Beam  Generation  ov  Electron  Bombardwent 
Induced  Cathode  Emission.  B.  S2APIR0,  C.  HURRAY,  and 
J.J.  ROCCA,  Electrical  Englnee-ing  Department.  Colorado 
State  Universrtv-We  have  demonstrated  that  Intense 
pulsed  electron  beams  can  be  created  by  multiplication 
of  a  lower  current  density  primary  beam  impinging  on  a 
high  electron  yield  target.  A  17  A  electron  beam  of  1 
us  pulse  width  was  generated  from  a  2.5  A  beam 
bombarding  an  activated  Ag-Hg  alloy  target  2.5  cm  m 
diameter  at  an  energy  close  to  that  required  for  maximum 
emission  of  secondary  electrons.  The  surface  activation 
technique  for  Ag-Hg  Is  similar  to  the  one  used  for 
photomultiplier  tubes,  providing  reproducible  yields 
greater  than  5  thet  remain  stable  under  bombardment  by 
the  Intense  (  A/cmb  primary  beam.  The  maximum  electron 
beam  current  densities  were  limited  by  the  onset  of 
election  current  oscillations  probably  associated  with 
the  development  o'"  beam-plasma  Instabilities. 


*  Work  supported  by  Wright  Research  and  Development 
Center. 


NB-5 

Hie  Effects  of  addino  Xe  to  a  Discharge.  A . A . 

M-illan,  University  of  Ulster)  Coleraine,  N.  Ireland  and 
W.G.  Graham,  Queen's  University,  Belfast,  N.  Ireland 

Recently  in  attenpting  to  understand  the  bcisic 
processes  producing  negative  hyi.  en  ions  in  intense 
ion  sources  ar J  in  trying  to  optimize  the  total  negative 
ion  production,  small  percentages  of  other  gases  have 
been  added  to  the  hydrogen  discharges  and  the  changes  in 
the  extracted  positive  and  negative  ion  concentrations 
monitored^.  We  have  now  measured  the  plasma  paraireters 
and  the  relative  positive  and  negative  ion 
concer.trations  in  a  hydrogen  multipole  filament  driven 
discharge  with  additional  small  percentages  of  Xe  gas. 
The  main  features  of  the  present  results  ere  the 
increased  electron  density,  electron  temperature  and 
plasma  potential  when  Xe  is  added.  This  latter  effect 
is  inportarit  in  interpreting  our  mass  spectratetry  data. 


1.  K.H.  Leung  et  al.  Rev.  Sci.  Instrum.  2097  (1985) 
and  S.R.  Wdlther  et  al.  J.  Appl.  Phys.  64,  3424 
(1988).  — 


NB-6 

Removal  of  SO.,  from  Flue  Cases  Using  Combined 
Plasma  and  Optical  Processing. w  Jeanne  H.  Balbach,  Hark 
J.  Rood  and  Hark  J.  Kushnee  University  of  Illtnola. 
Urbana.  IL.  Combined  plar  photolysis  (CPP)  Is  a  method 
that  has  the  potential  to  remove  SO2  from  flue  gases  at 
lower  capital  and  operating  costs,  with  a  higher  degree 
of  safety,  and  higher  electrical  efficiency  than  current 
methods.  CPP  consists  of  a  device  that  produces  a  pulsed 
discharge  In  the  flue  gases  {Alr/H20/S02/R0jj 

=90/10/10"VlO"‘’)  followed  by  Irradiation  with  UV 
photons.  The  irradiation  photolyzes  Og  producing  0(*D). 
Further  reaction  with  H20  forms  OH  radicals  which  react 
with  SO2  to  form  H2S04.  This  acid  reacts  with  NHa  to 
make  a  particulate  material  which  is  easily  removed  with 
filters.  The  plasma  chemical  reactions  that  occur 
between  the  gas  phase  radicals  and  SOj  as  a  result  of 
CPP  are  numerically  simulated.  The  results  of  the  model 
are  compared  to  experimental  results. 

wWork  supported  by  Advanced  Environmental  Control 
Technology  Research  Center. 


NB.7 

Plasma  Oxidation  of  SO?  in  Flue  Gas.*  S.K.  DHALI 
and  I.  SARDJA,  Southern  Illinois  University  --  The  exper¬ 
imental  results  of  the  removal  of  SO2  from  a  synthetic 
flue  gas  using  a  dlelectrlc-barrler  discharge  will  be 
reported.  The  dlelectrlc-barrler  discharge  is  an  effi¬ 
cient  means  for  producing  atomic  oxygen  by  electron 
impact.  A  high  voltage  line  transformer  is  used  for 
power,  and  the  discharge  geometry  is  co-axlal.  The  fol¬ 
lowing  reactions  accounts  for  the  reduction  of  SO2  con¬ 
centration  In  the  flue  gas; 

SO2  +  0  -*-*■  dOj 

A  typical  measurement  shows  a  65Z  reduction  In  SO2  con¬ 
centration  for  a  sample  gas  of  6400  parts  per  million  of 
SO2  in  air.  We  will  report  the  results  of  SO2  removal 
for  different  flows,  gas  mixtures,  and  applied  voltage. 
Also,  we  will  report  the  results  of  emission  and 
spectroscopy  of  atomic  oxygen. 

*Hork  supported  by  DOE. 

SESSION  P:  CROSS  SECTIONS  I  WISH  I  KNEW 

Thursday  evening,  19  October  1989 

Rickeys  Hyatt,  Camino  Ballrooms  C  and  D  at  7:30  P.M. 

C.  C.  Lin,  presiding 

P-1 

Cm.'is.Sfctions  oLGnat  Interest  to  Aeronomv  and 
Altrophysigs.*  J-  p.  Doering,  Dept,  of  Chemistry.  Johns  Hopkins  U. 

”  The  need  for  electron  impact  cross  secdons  in  aeronomy  and 
astrophysics  arises  frcir.  the  ubiquitous  nature  of  electron  collision 
processes.  Li  environments  as  different  as  the  thermospheres  of  the 
planets  and  supernova  remnants,  excitation  by  electrons  is  controlled 
by  the  interacnon  of  the  ambient  electron  energy  distribution  with  the 
available  atomic  and  molecular  species.  The  ambient  electron  energy 
distribution  i.s  in  nun  produced  by  the  balance  of  electron  production 
and  loss  fiinctions  where  die  production  mechanism  can  be  either 
photoionization  or  impact  of  high  energy  particles  accelerated  by  elec¬ 
tromagnetic  fields.  Understanding  of  the  ioss  function  requires  knowl¬ 
edge  of  electron  inelastic  cross  sections  and  emission  ctoss  secdons 
are  necessary  to  predict  die  observed  radiation.  Qoss  sections  can  be 
divided  into  those  which  are  possible,  very  difficult,  cr  probably  im¬ 
possible  to  measure  in  the  laboratory  depending  on  the  nature  of  the 
species  excited  Present  work  wiil  be  reviewed  and  examples  of  each 
class  will  be  given  to  stress  the  need  for  cooperative  experimental  and 
theoretical  work. 

‘Work  supported  by  NSF  Grant  ATM-8605992. 


P-2 

Cross-sections  1  Wish  I  Knev  in  Discharge 
Light  Sources.  10HN  F.  WAYMOUTH,  16  Bennett  Rd, 
Marblehead,  Mass  019^5.  Highly  sophisticated  computer 
models  are  available  for  most  electric  discharge  lamps. 
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In  low  pressure  discharge  lamps,  such  as  the  Hg-RG  fluo¬ 
rescent  lamp,  and  the  low-pressure  sodium  lamp,  most 
of  the  ionization  and  much  of  the  excitation  of  upper 
energy  levels  occurs  stepwise  via  resonance  or  metastable 
stales.  There  is  very  little  experimental  data  on  the 
necessary  cross-sections.  Similarly,  in  some  parameter 
ranges,  associative  ionization  is  significant;  only  a  few  of 
the  cross-sections  are  known.  In  metal  halide  high- 
pressure  discharge  lamps,  diffusion  of  molecules,  radicals 
and  atoms  through  mercury  vapor  controls  species  concen¬ 
trations  in  the  arc.  There  is  no  experimental  data  on 
diffusion  coefficients.  To  calculate  rate  processes  for  which 
cross-section  data  is  absent,  models  use  everything  from 
quantum-theoretical  calculated  values  to  outright  guesses, 

P-3 

Electron-Molecule  Collision  Cross  Section  Needs  for  Etching 
Gases*.  KURT  H.  BECKER.  Ciiv  Collece  of  Nev/  York  -  It  is  the 
objecnve  of  the  presentation  to  give  an  assessment  of  the  electron 
impact  cross  section  needs  for  molecules  that  play  an  important  role  in 
the  areas  of  plasma  etching  and  deposition.  Two  aspects  will  be 
addressed.  Firstly,  an  attempt  is  made  to  identify  and  categorize  those 
target  molecules  for  which  cross  section  data  are  needed  most  regularly. 
Secondly,  the  current  availability  of  cross  sections  and  the  future  needs 
for  particular  types  of  cross  sections  will  be  discussed  in  detail  for  each 
molecule. 

»  Work  supported  by  NSF-CBT  and  PSC-CONY. 

P.4 

Cross  Section  Needs  for  Modeling  Etuhlnz  and 
Deposition  Discharges.  L,  E.  KLINE,  Westinghonse  STC. 
Piitsburgh,.  PA  1S235  ~  Many  gases  are  used  in  plasma  processes 
for  mictoeircult  fabrication.  Plasmas  ate  used  for  both  etching 
and  thin  film  deposition.  The  gases  used  include  halogens,  freons, 
silanes  as  well  as  the  rare  gases  and  Hj,  Nj,  NHj,  NjO  and  Oj. 
Cross  section  data  is  available  for  Hj,  Nj  and  0^.  Recent  cross 
section,  swarm  and  discharge  dissociation  measurements  and 
theoreticai  studies  have  provided  cross  sections  for  HCl,  Clj,  CH^, 
CF^,  SiH^,  CCljFj,  SF5,  CjHg,  CjFj,  SijHj  and  NjO.  The 
available  data  suggest  that  electron  impact  neutral  dissociation, 
where  the  dissociation  products  are  all  in  their  ground  electronic 
state,  b  a  key  channel  in  for  chemical  activation  of  Nj,  Oj,  CH^, 
CF^,  SiH^,  SFg,  and  NjO.  The  neutral  dissociation  rate  is 
comparable  to  or  larger  than  the  dissociative  ionization  rate  for 
these  gases.  Neutral  dissociatl,..  ,s  .Iso  likely  to  be  important 
for  many  of  the  other  feed  ga  i.  ised  in  plasma  etching  and 
deposition.  The  limited  availabu  uata  and  the  data  needs  for 
thb  important  process  will  be  reviewed. 

P-5 

Cross  Sections  and  Moments  of  Importance 
A.  GARSCADDEN,  Wright  Research  and  Development 
Center.  Wright-Patterson  AFB.  OH-The  relevance  of,  and 
need  for  low  energy  electron  collisional  cross  sections  for 
plasma  processing  applications  are  illustrated  by  their 
influences  on  the  electron  energy  distribution  function 
(EEDFj  and  the  subsequence  excitation,  dissociation  and 
ionization  rates.  Low  energy  ion  collisions  such  as 
dissociative  charge  transfer  are  also  important  in  plasma 
reactors.  In  many  situations  there  is  a  need  for 
information  on  the  cross  sections  of  the  principal  products 
of  dissociation,  the  volatile  products  of  surface  reactions, 
and  of  complex  molecules  used  in  processing.  Adding  to 
the  difficulty  is  the  fact  that  one  is  really  interested  in  data 
for  excited  gases,  especially  vibrationally  excited  gases. 
Self-consistency  tests  of  the  data  are  emphasized, 


especially  when  the  cross  sections  are  derived  from 
different  experiments.  In  order  to  maintain  contemporary 
relevance  to  the  technology,  the  need  to  measure  other 
non-  traditional  moments  of  the  distribution  function  is 
outlined. 

P-6 

A  Status  Report  on  the  Aval  lability  and  Weeds 
of  Electron  Impact  Cross  Sections  for  Modeling  Plasma 
Deposition  MHark  J.  Kushner.  University  of  Illinois. 
Urbana.  IL  —  Reliable  electron  Impact  cross  sections 
for  momentum  transfer,  attachment,  electronic  and 
vibrational  excitation,  dissociation  and  ionization  are 
prerequisites  for  developing  models  of  plasma  deposition 
systems.  We  will  briefly  review  the  availability  of 
cross  oectlons  for  deposition  of  silicon  and  carbon 
films.  Gas  mixtures  containing  silane,  dlsllane, 
methane,  and  higher  hydrocarbons,  and  typical  additives 
(e.g..  H2.  N2O.  ©2.  NHo.  PH3.  BHo)  will  be  discussed. 

The  availability  and  need  for  partial  cross  sections  and 
cross  sections  for  electron-radical  processes  will  also 
be  discussed. 

wWork  supported  by  the  National  Science  Foundation, 


SESSION  QA:  SINGLE  WAFER 
PLASMA  PROCESSING 
Friday  morning,  20  October  1989 
Rickeys  Hyatt,  Camino  Ballroom  C  at  8:00  A.M. 
J.  H.  Keller,  presiding 


QA-I 

ECR  and  Other  High  Density  Plasmas  for  Single  Wafer 
Plasma  Processing.  W.M.  Holber  and  J.  Forster,  IBM  T.J.  Watson 
Res.  Ctr.  and  East  Fishkill.  ••  The  trend  in  plasma  processing  for 
semiconductor  applications  has  been  toward.!  higher  plasma  density, 
lower  neutral  pressure  operation  This  is  driven  by  several  differcni 
requirements.  .Single  wafer  operation  requires  far  greater  rates  than 
for  batch  tools  -  in  order  to  maintain  reasonable  throughput  for 
manufacturing.  Submieron  features  require  tighter  control  over  etch 
and  deposition  profiles.  Finally,  more  delicate  and  complex  struc¬ 
tures  require  that  the  energ>  of  ion  bombardment  be  minimized.  The 
challenges  of  higher  plasma  density,  lower  neutral  pressure,  and  lower 
ion  energies  have  been  addressed  primarily  through  the  use  of 
magnetized  plasmas  -  both  in  the  Mllz  and  low  GHz  frequency  re- 
gime.  Particular  emphasis  will  be  placed  in  this  talk  on  Electron- 
Cyclotron-Rcsonance  (ECR)  plasmas,  operating  at  2.45  GHz. 
Results  obtained  in  a  divergent  magnetic  field  ECR  .system  will  be 
reported.  Ti  has  been  found  that  plasma  densities  up  to  10”  cm  ’  can 
be  achieved  with  uniformities  required  for  single-wafer  processing, 
.Several  unique  features  of  such  plasmas  will  be  discussed. 


QA-2 

REiLxeited  Diffusion  Plasmas.  R.W.  BOSWELL,  PRL, 
RSPhysS,  Australian  National  University  -  With  appropriately  de¬ 
signed  extended  antennas  rf  power  from  2  to  20  MHz  can  be  used 
to  create  large  volumes  of  high  density  plasmas  at  low  pressures 
(<  10"’  Torr).  Peak  densities  of  ~  10’^  cm"®  at  a  few  10"®  Torr 
argon  have  been  achieved  in  5  cm  diameter  sources  With  larger 
sources  coupled  to  a  diffusion  chamber  surrounded  by  permanent 
magnets,  ion  current  densities  of  a  few  w  A  cm"®  uniform  over  a 
20  cm  substrate  have  been  measured  in  O2,  SFg,  CHF3  and  SiCl,. 
Etch  rates  for  Si,  SiOj,  GaAs,  A1  and  resist  are  between  0.5  and  1.0 
lira  min"®  for  gas  pressures  of  ~  10"®  Torr  and  rf  powers  between 
500  and  1000  watts.  The  substrate  bias  voltage  can  be  varied  in¬ 
dependently  of  the  plasma  density  thereby  minimizing  ion  induced 
damage.  The  system  can  operate  without  metalic  containments 
The  theory  and  operation  of  this  type  of  plasma  will  be  reviewed. 


\ 


Vol.  35,  No.  8  (1990) 


1835 


QA-3 


Low  Pressure  RIE  using  an  RF  Plasma  Source  with 
Surface  Magnetic  Confinement  -  A.  Wendt,  M.  H.  Cho,  N.  Her- 
shkowitz,  and  H.  Persing,  University  of  W'isconsin,  Madison.  Re¬ 
active  ion  etching  (RLE)  of  silicon  in  CF4-O2  and  SFe  plasmas 
using  an  RF,  capacitively  coupled,  multidipole  magnetic  con¬ 
finement  plasma  system  will  be  reported.  Our  investigation  of 
RIE  at  low  pressures  lO'^Torr)  addresses  processing  concerns 
as  microelectronic  devices  become  smaller,  faster,  and  packed 
more  densely  on  an  IC.  Etch  rates  and  trench  etch  profiles  will 
be  presented  for  a  range  of  processing  and  plasma  conditions 
(etch  chemistry,  pressure,  flow  rate,  plasma  density,  and  sub¬ 
strate  bias).  Etching  of  Si  has  been  carried  out  with  Al,  SiOj, 
and  photoresist  etch  masks  with  feature  sizes  as  small  as  0.8>im. 
Attention  will  be  given  to  the  advantages  and  limitations  of  low 
pressure  etching. 

‘Work  supported  by  NSF 


QA-4 

Ch-iracteristics  of  Inductively  Excited  Discharges 
with  a  Drift  Space  ,  P.  Bletzinger  and  M.  E.  Dunnigan, 
Wright  Research  and  Development  Center  WPAFB.OH 
For  applications  in  plasma  etching  and  thin  film 
deposition  the  parallel  plate  reactor  does  not  offer  separate 
control  of  plasma  density  and  ion  energy.  This  can  be 
achieved  with  a  microwave  exciter  (ECR)  and  an  added 
DC  or  rf  drift  field.  We  have  investigated  a  simpler 
system  using  an  inductor  (3"  dia.  by  3”  length)  over  a 
section  of  a  2"  dia.  glass  tube  with  electrodes  spaced  2" 
away  from  the  inductor  ends.  W’ith  one  tube,  permanent 
magnets  in  multipole  configuration  were  placed  inside 
the  inductor.  Using  the  electrodes  with  an  applied  sweep 
voltage,  the  collected  current  peaks  at  .3  Torr,  decreasing 
slowly  at  higher  pressures  but  increasing  monotonically 
with  power  (40mW/cm3  max).  Using  time  averaged 
double  probes  will  allow  more  accurate  electron  density 
measurements  and  permit  measurements  at  higher 
power  We  hope  to  also  report  on  time  resolved  single 
probe  measurements. 


QA-5 

RF  Inducti'on/Hultipole  LPSWE  System.  J.  H.  Keller 
IBM  -  E.  FIshKIll.  Hopewell  Jet.,  HY  —  A  low  pressure 
single  wafer  etching  system  has  been  designed  and  tested. 
The  plasma  is  inductively  excited  with  13.56  MHz  rf  power 
and  the  wafer  is  rf  biased.  This  gives  independent 
control  of  the  plasma  density  and  ion  energy.  The  wafer 
is  electrostatically  clamped  and  cooled  with  helium. 

The  plasma  is  surrounded  in  the  radial  direction  by  a 
multipole  magnetic  field  which  confines  the  plasma 
electrons  thus  producing, a  uniform  plasma.  Ion  densities 
of  approximately  5  x  10  “  /cc  and  ion  currents  of  1  amp 
over  a  125  cm  wafer  have  been  achieved  in  both  electro¬ 
positive  and  electronegative  gases,  in  the  1  to  20  mTorr 
pressure  range  Uniformities  of  7%  (3  sigma)  and  etch 
rates  of  over  1  micron  /  rain  have  been  achieved  for  both 
Si  and  SiOp.  RF  induction  is  a  very  simple  and  efficient 
means  of  producing  high  plasma  densities.  It  is  compet¬ 
itive  with  both  Magnetron  and  ECR  type  plasmas  but  does 
■let  have  the  problem  of  a  magnetic  field  at  the  wafer. 
In  the  rf  induction  mode  (no  rf  bias  power)  the  floating 
potential  and  plasma  potential  are  typically  13  and  30 
volts  respectfully. 

^  Ajit  Paranjpe,  to  be  published. 


SESSION  QB:  COLLISIONS  BETWEEN 
ATOMS,  MOLECULES,  AND  IONS 
Friday  morning,  20  October  1989 
Hickeys  Hyatt,  Camino  Ballroom  D  at  8:00  A.M. 

J.  R.  Peterson,  presiding 

QB-1 

IR  Cxcit«tion  Cross  Stetions  fron  Psst  0-AtoB  Collisions,* 
C.C.  CALCDONtA,  8.L.  UPSCHULTC.  R.H.  KRCCH,  SRd  8.  CLAPLIN, 

.Physical  Scioncos  Inc.,  and  G.  BURGESS,  MIT/Lincoln  Laboratory  — 
Exparinantal  naasuraiBants  of  tho  cross  sactions  for  vibrational 
oxcitation  of  nolaculas  by  anar^atic  oxygan  atons  hava  baan  suc- 
cassfully  parforead  A  crossad  solacular  baaa  apparatus  utilising 
both  a  Buparsonic  targat  nolacular  baan  and  a  fast  o-aton  sourea 
was  davalopad  for  thasa  naasuranants .  Tha  fast  0-ato*  sourea  is 
ganaratad  by  focusing  a  high  powar  pulsad  CO2  laaar  Into  a  notsla 
containing  axpanding  nolacular  oxygtn.  Xnvarsa  Braasstrahlung 
absorption  uf  tha  10.6  i/n  radiation  producas  a  lasac  braakdown  of 
tha  O2:  dissociation,  and  ionisation  occurs  vary  rapidly.  Tha 
nossla  axpansion  it  tsilorad  to  provida  suffieiant  tina  for  ion- 
alactron  raconbtnatlon  but  insufficiant  tint  for  atonic  raconbina- 
tion.  Xnstantanaous  fluxas  of  10^^  atons/ea^s  with  valoeitias 
variabla  throughout  the  6  to  10  ka/s  range  have  baan  obtained.  Tha 
target  nolacular  bean  was  ganaratad  froa  a  pulsad  free  jet  axpan« 
sion.  A  calibrated  radionatar,  utilising  an  InSb  detector  and 
bandpass  filters,  viewed  tha  collision  parpandicular  to  tha  inter-- 
sacting  betas.  A  circular  variabla  filter  (CVp)  radionatar  was 
used  to  provide  spectral  bandshapas.  Haasuranants  wart  parforaad 
With  CO,  CO2.  and  H2O  target  beans  in  tha  single  collision 

ragina.  Cross  section  and  reaction  path  observations  are 
discussed. 


Th  s  work  was  sponsored  by  tha  Dapartnant  of  tha  Army  under  con¬ 
tract  number  ri9628-SS-C-002  Tha  views  expressed  are  those  of 
the  author  and  do  not  reflect  tha  official  policy  or  position  of 
the  I'.S.  Covernaent. 


QB-2 

The  Dependence  of  Spacecraft  Glow  On  the  .Spac^craft  Velocity. 
R.E.  MEYEROTT  AND  G.  R.  SWENSON,  Lockheed  Palo  Alto 
Research  Laboratory  -  The  extent  to  which  spacecraft  glow  depends  on 
the  spacecraft  velocity,  and  hence  the  kinetic  energy  of  the  ramming 
panicipants  to  the  spacecraft  surface  recombination  reactions,  has  a  large 
impact  on  the  difficulty  in  conducting  laboratory'  simulations.  If  the 
dependence  on  the  kinetic  energy  is  minimal,  as  suggested  by  Kofsky 
and  Barrett,  then  much  of  the  previous  work  on  recombination  catalyzed 
by  laboratory  substrates  can  be  applied  with  any  little  modification. 
However,  if  the  kinetic  energy  is  an  important  part  of  the  glow 
producing  mechanism,  laborato^  reactors  will  require  intense  sources 
of  atoms  and  molecules  with  kinetic  energies  of  up  to  -lOcV.  Such 
sources  are  difficult  to  constrict. 

The  pseudo-continua  red  spacecraft  glow  in  the  0.4  to  0.8pm  is 
believed  by  many  investigators  to  be  due  to  the  surface  recombinations 
of  O  and  NO  atoms  to  form  excited  NO2.  However,  this  glow  has  a 
spectral  distribution  that  does  not  completely  agree  with  that  produced 
by  three  body  gasseous  recombination  or  by  low  energy  surface 
recombination.  A  model  for  the  N2  Lyman-Birgcl-Hopficld  spacecraft 
glow  will  be  presented  in  which  the  upper  state  of  the  LBH  bands  is 
populated  by  radiation  transition  from  higher  levels.  The  higher  levels 
are  populate  as  a  consequence  of  the  high  kinetic  energy  of  incident  N 
atoms  The  model  predicts  additional  radiations  that  are  associated  with 
the  LBH  glow.  The  application  of  this  model  to  the  red  glow  will  be 
discussed. 


QB.3 

Ion  and  Fast.Feutral  Excitation  In  Mo  at  Vi-rv 
Hlxh  E/n7*  V.T.  GYLYS**  and  A.V.  PHELPS,  JILA. 

Unlverslcv  of  Colorado  and  NIST.  --  Measurements  are 
made  of  the  pressure  dependence  of  the  time  Integrated 
emission  of  the  1®*^  and  2"**  positive  bands  of  Ng  at  670 
and  337  nm  and  the  820  nm  line  of  Ml  following  a  photon 
Inlt.iated,  pulsed  discharge  through  H2  at  E/n  -  52  kTd. 
The  pressures  are  10  to  35  mTorr,  i.e.,  well .below  the 
60  mTorr  at  breakdown.  The  photocurrent  pulse  is  e  10 
mA  for  ~  10  ns.  The  emission  is  normalized  to  the  time 
integrated  391  nm  emission  of  the  No  1®*^  negative  band 
which  is  excited  only  by  electrons.^  The  337  to  391  nm 
emission  ratio  is  proportional  to  the  N2  density  at  low 
pressures  as  expected  for  337  nm  excitation  in  Hg'*' 
collisions  with  N2,  but  increases  more  rapidly  at  higher 
pressures  as  is  consistent  with  efficient  excitation  of 
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N2  by  fast  Nj.  The  relatively  rapid  increase  with 
pressure  of  the  ratios  of  670  no  and  820  nn  emission  to 
391  nm  emission  are  not  yet  understood. 

*  Supported  in  part  by  Lawrence  Livermore  Laboratories. 
**  Now  at  Rockwall  International/Rocketdyne  Division, 
Canoga  Park ,  CA . 

^  V.T.  Gylys,  B.M.  Jelenkovid  and  A.V.  Phelps,  J.  Appl. 
Phys.  3369  (1989). 


QB-4 

Rotational  excitation  of  No'*'  in  N2  at  E/n  g  100 
Id*,  JACEK  BORYSOWS  and  A.V.  PHELPS,  JILA.  Unlversttv  of 
Colorado  and  NIST.  --  The  ^.otational  temperature  of  N2'*' 
ions  in  N2  drifting  in  an  electric  field  is  measured 
using  the  absorption  of  A^n(v  -  2)  X^2(v  -  0)  lines 

near  780  nm.  The  ions  are  in  a  pulsed,  positive  column 
discharge  with  1.5  Amp  cm“2  current,  10  ps  duration,  and 
0.3  torr  pressure.  A  single-mode,  tunable  diode  laser 
source  propagates  parallel  to  the  electric  field  with  an 
absorption  S/N  >  10^:1  for  1  ps  resolution.  Densities 
of  rotational  levels  with  quantum  numbers  up  to  20  obey 
Boltzmann  distributions  with  temperatures  of  360  f  15  K 
during  the  discharge  and  305  ±  15  K  in  the  afterglow 
The  change  in  temperature  determined  from  the  higher 
levels  is  57  ±  2  K.  The  E/n  from  Doppler  profiles^  and 
N2‘''  drift  velocities  is  c  105  ±  5  Td.  The  ion  drift 
energy  corresponds  to  a  temperature  of  1200  ±  80  K 
during  the  discharge.  The  results  yield  the  ratio  of 
rotational  excitation  to  charge  transfer  collisions. 

*Supported  in  part  by  the  Wright  Research  and 
Development  Center. 

Snow  at  Michigan  Technological  University,  Houghton,  Ml. 
^J.  Borysow  and  A.V.  Phelps,  Bull.  Am.  Phys.  Soc. 

293  (1989). 

QB>5 

Energy  Transfer  in  the  B^FI  State.of  NS.  INGRID  J. 
WYSONG,  JAY  B.  JEFFRIES,  and  DAVID  R.  CROSLEY,  SEI 
Intemational-Ouenehing  and  vibradonal  energy  transfer  in  the 
Slate  of  the  NS  free  radical  have  been  studied  using  temporally  and 
spectrally  resolved  laser  induced  fluorescence  in  a  low-pressure 
discharge  flow  reactor.  The  collision  panners  were  He,  Ar,  H2,  N2. 
O2,  SFg,  CO2.  and  N2O.  Total  removal  cross  sections  show  an 
oscillaioiy  behavior  v.iih  v'  in  the  range  of  unpenurbed  levels,  v'=4-7, 
for  all  colliders  studied  save  O2  where  a  nearly  monotonic  increase  is 
seen.  Signiflcani  vibrational  transfer  occurs  for  H2  and  the 
polyaiomics;  the  rates  vary  little  with  v'.  Av=2  transfer  occurs  with  the 
polyatomic  colliders  for  v'=5.  Time-resolved  fluorescence  traces  from 
the  penurbed  v'=3  and  8  levels  differ  from  the  unpenurbed  levels  and 
from  each  other.  v'=3  is  penurbed  by  quanei  states  and  shows 
"gateway"  transfer  behavior,  whereas  v'=8  is  penurbed  by  a  doublet 
and  shows  efficient  inierelecironic  transfer  for  all  rotational  levels. 

Supponed  by  the  Air  Force  Office  of .  ,eniific  Research. 

QB-6 

Temperature  Dependent  Quenching  of  NO  A'^Z*  and  B^fl 
bv  HiO.  GEORGE  A.  RAICHE,  GREGORY  F.  SMITH,  and 
DAVID  R.  CROSLEY,  SRI  International  -  Quenchuig  ctoss  sections 
for  electronically  excited  nitric  oxide  have  been  obtained  from 
measurements  of  the  pressure  dependence  of  time  decays  of  laser- 
induced  fluorescence.  The  temperature  range  300-750K  was  covered 
using  a  heated  flowing  gas  cell,  gas  temperatures  were  measured  using 
rotational  excitation  spectra.  Results  in  are  given  in  the  table. 
Although  the  sizes  of  the  cross  sections  suggest  the  influence  of 
attractive  forces,  only  for  H2O  collider  is  there  a  decrease  with 
increasing  tempera'ture  (i.e.,  collision  velocity). 

Collider  300K;NO  O2  H2O  750K:H2O 

aQ(A2£+)  37  21  103  34 

OQfB^n)  46  3  17  5 


An  Experimental  System  for  RF  Discharge  Physics 
Research.  VA.  GODYAK,  R.  B.  PIEJAK,  B.  M.  ALEXANDROVICH,  filE 
Laboratories  Inc..  Waltham.  MA  -  An  experimental  system  has 
been  designed  and  built  to  comprehensively  study  the 
electrodynamic  and  plasma  characteristics  of  capacitively  coupled 
electroded  RF  discharges  at  low  gas  pressures.  The  system 
consists  of  a  glass  discharge  cell,  a  vacuum  station,  a  controllable 
gas  flow  system  for  precise  gas  flow,  a  tuneable  matcher  coupler 
with  voltage,  current  and  power  sensors,  a  two  channel  precision 
RF  power  meter,  a  wideband  RF  source  and  RF  amplifier  and  a  data 
acquisition,  processing  and  display  system  based  on  a  multi¬ 
channel  waveform  analyzer  connected  to  a  PC.  A  previously 
developed  plasma  probe  diagnostic  station  has  been  modified  for 
plasma  density  and  electron  energy  distribution  measurements  in 
this  system.  The  following  range  of  RF  discharge  parameters  can 
be  studied  with  this  system;  gas  pressure  .001-10  Torr,  RF 
power,  .01-100  watts,  RF  frequency  .5-150  MHz. 


‘Work  supponed  in  pan  by  San  Diego  Supercomputer  Center 

RA-3 

DC  Self  Bias  Formation  In  Syronetrlc  ParaTleT-Plate 
RF  Glow  Discharges.  J.W.  BUTTERBAUGH  and  H.H.  SAWIN, 
Massachusetts  Institute  of  Technology  -  The  formation  of 
DC  self  bias  in  well-confined,  symmetric,  parallel-plate 
RF  (13.56  MHz)  glow  discharges  has  been  investigated.  At 
narrow  spacings  of  3-4  mm  and  pressures  of  2-6  torr, 
stable  discharge  operation  in  CT^  is  obtained  with  either 
a  positive  or  negative  self  bias  on  the  capacitively 
coupled  powered  electrode.  It  is  believed  that  the 
presence  of  negative  ions  are  important  in  the  formation 
of  this  electrical  asymmetry  since  the  same  effect  can  be 
observed  with  a  gas  feed  of  96X  Ar  and  4X  SFs  The  energy 
and  flux  of  positive  ions  striking  the  grounded  electrode 
has  been  measured  by  orifice  sampling  and  retarding  grid 
analysis  and  correlates  with  the  magnitude  and  sign  of  the 
self  bias  of  the  powered  electrode.  Spatially  resolved 
plasma  induced  emission  has  also  been  measured  from  a 
small  amount  of  Ar  added  to  the  CF4  discharge  indicating 
the  most  intense  glow  nearest  the  electrode  with  the 
higher  DC  potential. 


RA-4 

The  Spatial  and  Temporal  Variation  of  Plasma 
Parameters  in  an  r£  Discharge.  C.A.  Anderson, 

University  of  Ulster,  Coleraine,  N.  Ireland  and  W.G. 
Graham,  Queen's  University,  Belfast,  N.  Ireland.  -  Our 
time  resolved  ^.angmuir  probe  techniquel  has  been  extended 
to  higher  frequencies  and  used  to  study  the  spatial 


*IBH  Burlington,  Resident  Study  Program 


RA-2 

Frequency  elfeds  In  a  RF  Discharge*  M.  SURENDRA  and 
D.  B.  GRAVES,  University  of  Calilornia.  Berkeley  -  A  study  of 
frequency  effects  In  a  RF  discharge  using  a  self-consistent 
particle-ln-cell  simulation  is  presented.  Electron-neutral  interactions 
are  included  through  realistic  dliferentlal  cross  sections  lor  both 
elastic  and  ionizing  collisions.  The  importance  of  secondary 
electron  emission  at  the  electrode  in  sustaining  low  frequency 
discharges  (in  padicular,  below  the  ion  plasma  frequency)  is 
discussed.  At  higher  frequencies,  where  the  RF  sheath  velocities 
can  be  appreciable,  electron  heating  (stochastic  heating  or  wave 
tiding)  by  the  moving  sheaths  plays  an  important  role.  The  different 
heating  mechanisms  at  the  high  and  low  frequencies  influence  the 
lime  dependent  behavior  of  the  electron  energy  distributions.  The 
effects  ol  frequency  and  pressure  on  spatial  and  temporal 
pro'tlesol  the  ionization  rate  are  also  presented. 


Supported  by  the  U.S.  Army  Research  Office. 
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variation  of  plasma  parameters  In  a  r£  discharge 
operating  at  frequencies  of  up  to  1  MHz.  This  time, 
resolved  technique  can  be  used  to  investigate  the 
fundamental  processes  driving  the  parallel  plate 
discharge.  The  dependence  of  the  plasma  parameters  on 
the  gas  used/  gas  pressure,  rf  frequency  and  method  of 
driving  the  electrodes  has  been  studied.  Measurements 
of  the  electron  energy  distribution  function  shows  the 
exectron  distribution  to  be  non  Maxwellian  and  time 
dependent.  It  is  found  that  time  averaged  measurements 
tend  to  overestimate  all  the  plasma  parameters 
particularly  the  electron  temperature  and  plasma 
potential  when  compared  with  measurements  made  using  the 
time  resolved  technique. 

^C.A.  Anderson,  W.G.  Graham,  euid  M.B.  Hopkins.  Appl. 
Phys.  Lett  783  (1988). 


RA-5 

Ion  Bombardment  Angle  and  Energy  In  Argon  -tf 
Discharges.  J,  LIU.  G-L  HUPPERT,  andH.H  SAUIN,  H.T.T. 
--  The  measured  ion  angle  distribution  shows  that  a 
significant  portion  of  bombarding  ions  impinge  at  angles 
greater  than  10*  from  the  surface  normal,  even  at 
pressures  below  20  mtorr.  The  ions  with  large  incident 
angles  have  lower  energies  than  chose  incident 
perpendicular  to  the  surface.  Honce  Carlo  simulations 
of  the  sheath  kinetics  predict  Che  trends  shovm  in  the 
experimental  data  for  ion  energy  and  angle 
distributions.  Fine  structures  in  the  ion  energy 
distribution  were  observed  below  SO  mtorr  and  arc 
attributed  to  charge -exchange  collisions  in  the  sheath. 
The  average  energy  can  be  correlated  directly  to  the 
applied  voltage  across  the  electrodes  for  measured 
plasma  pressures  up  to  SOO  mtorr. 


RA-6 

Particle  Modeling  of  an  ECR  Reactor.*  R.  K. 
PORTEOUS  and  D.  B.  GRAVES,  Chemical  Engineering.  U.  of 
California.  Berkeley  -•  The  high  frequencies  and  plasma  densities 
which  characterize  an  ECR  reactor  challenge  conventional  particle 
modeling  techniques.  The  electrons  must  be  followed  on  a  timescale 
of  the  plasma  and  cyclotron  periods  (<  lO'^s)  while  the  plasma  as  a 
whole  comes  to  ^uilibrium  in  10*’s  (around  the  mean  ion  residence 
time).  The  panicle  flux  to  the  walls  depends  on  sheaths  0.1  mm 
thick  which  in  turn  depend  on  the  ion  diffusion  in  the  whole 
chamber. 

A  2D3V  model  of  a  cylindrical  ECR  reactor  has  been  developed. 
Electric  fields  are  calculated  self-consistently  with  the  motion  of  ions 
and  electrons,  while  localized  ECR  heating  is  introduced 
heuristically  Electrons  arc  strongly  confined  by  a  uniform  axial 
magnetic  field  whereas  ions  are  only  weakly  magnetized.  Both 
electrons  and  ions  may  have  elastic  and  inelastic  collisions  with 
neutrals.  Innovative  techniques  to  handle  the  disparate  time  and 
length  scales  are  introduced.  Results  showing  the  effect  of  the 
microwaves  on  the  electron  velocity  distribution  will  be  presented. 

*Work  supported  in  part  by  IBM. 

RA-7 

Two-Dimensional  Simulations  of  RF  Glow  Discharfcii.*  J.  H. 
Tsai  and  C.  Wu,  Electrical  Engineering  Department.  Auburn 
Unjyersity.-Self-consistent  two-dimensional  numerical  simulations  of 
rf  glow  discharges  have  been  cam’ed  out  in  nonattaching  (N^)  and 
attaching  (SF^)  gases  using  a  single  moment  fluid  model.  The  More 
Accurate  Flux  Corrected  Transport'  and  Reconstructed  Fast  Fourier 
Transform  techniques^  have  been  used  to  solve  the  fluid  and 
Poisson’s  equations,  respectively,  in  the  presence  of  large  gradients 
and  dynamic  range.  The  Glow  discharge  in  SF^  has  been  observed 
to  be  considerably  different  from  those  in  N2.  The  results  obtamed 
further  illustrate  the  radial-axial  flow  dynamics  of  charged  particles. 

•Work  supported  by  CRAY  Research,  Inc. 

'E  E  Kunhardt  and  C.  Wu,  J.  Comput.  Phys.  68,  127  (1987). 

^C.  Wu  and  E  E  Kunhardt,  J.  Comput.  Phys.  §2,  (1989)  (in  press). 
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RB-1 

UV  Emission  from  a  Discharge  in  N2O  and  Electrorr 
Detachment"  T  H  TEICH,  Swiss  Federal  Institute  of  Tech- 
noloev.  Zurich.  -  Determination  of  discharge  parameters/- 
swarm  coefficients  for  gases  in  which  unstable  negative  ions 
are  formed  may  present  considerable  difficulties,  particularly 
when  detachment  rate  coefficients  are  high  as,  for  instance, 
in  N2O  where  the  secondary  ion  NO*  is  the  principal 
electron  donor.  Some  access  to  rate  coefficients  may  be  gained 
from  the  measurement  of  local  light  emission  from  suitable 
excited  states^.  For  NoO,  such  stales  were  assessed  by  means 
of  spectrally  resolvecf  synchronized  single  photon  counting 
^plied  to  emission  from  a  Trichel  pulse  corona  dischar^. 
Tne  dominant  emission  is  found  to  originate  from  NOfB^n, 
v'=o)  and  is  indirectly  excited,  probamy  via  formation  of 
0('S);  the  relatively  slow  decay  corresponds  to  a  quenching 
density  of  the  order  of  3  •  lO”  cm*3  for  a  B  state  naturm 
lifetime  of  2ps.  Besides  emission  NO  (B-^X),  there  are  minor 
shares  of  emission  from  N20+(2£ )  and  NofC^Il);  the  latter 
emission  N2(C-»B)  occurs  promptly  and  with  a  fast  decay  and 
should  thus  give  access  to  local  electron  density  data  useful 
for  discharge  parameter  determination. 

^  M.J.  Brennan  and  T.H.  Teich,  Proc.  9th  Int.  Conf.  Gas 
Discharges  and  Their  Applications,  Benetton  Editore, 
Padova  1988,  pp.  343-346. 


RB-2 

Gas  Temperatures  from  Vibrational  Temp¬ 
eratures,  M.  PASSOW,  M.  h.  BRAKE,  and  P.  LOPEZ, 
Dept,  of  Nuclear  Eng.,  U.  of  Michigan  —  Gas 
temperatures  (Tg)  of  low  pressure  (0.5  -  100 
Torr)  microwave  (2,45  GHz)  discharges  in  nitro¬ 
gen  can  be  estimated  from  measurements  of  the 
vibrational  temperature  (Tv) .  The  dependence 
of  Tv  on  Tg  is  calculated  by  modeling  the  ex¬ 
citation  and  de-excitation  mechanisms  of  the 
vibrational  levels.  Included  in  the  model  are 
electron  excitation,  V-V  and  V-T  transfer.  The 
model  shows  that  at  low  electron  densities 
(10^®-10^'^  i/cc)  and  low  Tv's  (<4000K)  that 
Tv  and  Tg  are  equal.  At  higher  temperatures 
(>8000K) ,  Tv  is  equal  to  the  electron  tempera¬ 
ture.  The  Tg's  predicted  by  this  model  (lOOOK- 
2000 K)  for  Tv's  measured  in  a  low  pressure 
microwave  discharge  (5000K  -  15,000K)  match  the 
measured  rotational  temperatures  very  well. 
Thus,  estimates  of  Tg  can  be  made  from  Tv  and 
the  relationship  between  the  two,  without 
having  to  go  to  the  extra  work  to  measure  the 
rotational  temperature. 

RB-3 

Temperature  Profiles  in  and  Na-Ar  DC 
Discharges  Using  Coherent  Anti-Stokes  Raman 
Spectroscopy  (CARS)  .  P.  P.  YANEY  and  B.  L. 
Epling,*  U.  of  Davton**;  S.  W,  KIZIRNIS,  USAF 
Aero  Propulsion  Lab.  —  Spatially  resolved  CARS 
measurements  provided  non-equilibrium  rotational 
and  vibrational  temperature  profiles  in  glow 
discharges  stabilized  by  glass  electrode  caps 
which  constrained  the  discharge  to  about  10  mm 
diameter.  Both  axial  and  radial  profiles  were 
determined.  The  doorknob-shaped  Ni-Fe  elec¬ 
trodes  were  spaced  14  mm.  Nominal  conditions 
were  40  Torr  total  pressure,  0.08  A/cm*  and  E/N= 
60  Td.  The  influence  of  gas  flow  rate  and 
changes  in  the  Ar-to-Nz  ratio  were  studied.  The 
temperatures  were  obtained  from  computer  fits  to 
spectra  recorded  with  a  narrow-band,  scanning, 
folded  BOXCARS  system.  The  length  of  the  control 
volume  (dia.  20 /Jim)  was  measured  to  be  1  mm  by 
scanning  a  6  mm  by  0.38  mm  Ar  jet  through  the 
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beam  crossing  jLn  air.  A  computer  model  of  the 
laser  beam  geometry  agreed  with  these  results. 

*  In  partial  fulfillment  of  the  requirements 
for  the  M.S.  degree  in  Electro-Optics. 

**  Supported  by  USAF  Contract  F33615-86-C-2722. 


RB-4 

Time  Resolved  Two-Dimensional  Emission 
Spectroacopv  of  a  LF  Asymmetric  Discharge  --  B.  N. 
GANGULT,  J.  R.  SHOEMAKER,  and  A.  GARSCADDEN,  Aero 
Propulsion  and  Power  Laboratory,  WgAFB.  OH.  —  Two 
dimensional  emission,  intensities  o£  Ha  and  the  540- 
SSOnm  H2  molecular  band  have  been  measured  in  a  0.75 
Torr  H2  discharge  with  4:1  electrode  area  ratio, 
driven  at  50  kHz,  using  a  time-gated  (400nsec) 
intensified  CCD  imaging  system.  The  18mm  diameter 
photocathode  (570  X  380  pixels)  allows  temporal  and 
spatial  resolutions  simultaneously  of  the  entire 
powered  discharge  volume,  including  behind  the 
electrodes.  Nearly  symmetric  sheaths  and  negative 
glows  about  the  front  and  back  surfaces  of  either 
powered  electrode  are  observed  for  abnormal  glow 
discharge  conditions.  The  emission  profiles  show  that 
the  discharge  is  focussed  to  the  anode,  especially 
when  the  large  electrode  is  cathode  and  that  there  is 
also  simultaneous  excitation  on  both  sides  of  the 
anode.  Decay  of  the  cathodic  cycle  shows  bright 
plasma  regions  "trapped"  behind  the  cathode.  The 
presence  of  strong  atomic  and  molecular  excitation  in 
the  sheath  regions  indicates  a  highly  collisional 
sheath  for  electrons  ana  10ns. 


RB-5 

Ehussion  spectra  of  laser  produced  plasmas 
used  in' producing  high  T,.  thin  films. 

H.F.  Sakeek,  W.G.  Graham~and  T.  Morrow,  Physics 
Department,  Queen's  University,  Belfast, 
Northern  lrelan'5^  The  emission  from  plasmas 
createci  during  KrF  laser  ablation  of  high 
temperature  superconducting  material  (Y  Ba2Cu3 
0^)  has  been  studied.  The  aim  is  to  obtain 
a  fundamental  understanding  of  the  laser  ablat¬ 
ion  process  and  to  correlate  the  elemental 
abundance  in  the  plasma  with  the  stoichiometry 
of  the  thin  films  produced.  Currently  the 


spatial  variation  of  the  emission  lines  and 
its  dependence  on  laser  power  is  being 
investigated.  The  effect  of  operating  in  an 
oxygen  environment  will  be  studied. 


RB-6 

Imaging  of  Laser-Produced  Plasmas  Using  Planar  Laser- 
Induced  Fluorescence.  P.  H.  PAUL,  M.  A.  CAPPELLI  and 
R.  K.  HANSON,  Stanford  University  -  Planar  laser-induced 
fluorescence  (PLIF)  provides  a  powerful,  non-invasive  technique 
for  probing  complex,  high-speed  flowfields  with  excellent  spatial 
and  temporal  resolution.  We  report  recent  PLIF  imaging  of  Ba  and 
Ba*  in  a  laser-produced  plasma,  obtained  by  focusing  a  XeCl  laser 
onto  a  barium  target  in  vacuo.  PLIF  imaging  is  performed  using  an 
intensified  CCD  array  and  an  excimer-pump^  dye  laser  We 
discuss  the  application  of  laser  ablated  films  to  the  formation  of 
dense  focused  neutral  atomic  beams. 

‘Work  supported  in  part  by  AFOSR,  Aerospace  sciences  directorate 


RB-7 

ODioealvanic  Line  Profile  of  Cu  Autoionization  Levels.  R. 
SHUKER  and  M.  HAKHAM-ITZHAQ,  Physics  Dept..  Ben-Ourion 
Uni.Y.ersity,  and  A.  BEN-AMAR,  NRCN.  Beer-Sheva.  Israel  - 
Autoionizati'on  levels  are  generally  very  broad,  long  lived  and  have 
characteristic  asymmetric  line  profile,  the  well  known  Fano-shape.U) 
We  present  measurements  of  the  lineshape  of  autoionization  levels  of 
Cu  atom  using  pulsed  optogalvanic  technique(2),  whereby  a  discharge 
response  to  changes  in  the  level  population  and  electron  distributions 
induced  by  laser  absorption  is  utilized  as  spectroscopic  tool.  We  use  a 
IS  nsec,  7  GHz  linewidth  pulsed  dye  laser  to  scan  the  hansition  profile 
of  two  autoionization  transitions  of  copper.  A  one  cm*'  tuning  of  the 
dye  laser  is  used  across  the  broad  transition  profiles  The  results 
exhibit  the  characteristic  Fano-shape  for  these  transitions  This 
demonstrates  the  usefulness  of  this  technique  in  the  study  of  lineshapes 
and  line-profiles. 

(1)  U.  Fano  and  J.W.  Cooper.  Phys.  Rev  136A,  1364  (1965) 

(2)  A.  Ben-Amar  et  al.,  J.  Appl  Phys  Rev.  54, 1473  (1983) 
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Joint  Mtg.  of  the  15th  Texas 
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Washington  Materials  Forum: 
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16-19  September  1990 
16-21  September  1990 
14-19  October  1990 

16-19  October  1990 

27  October— 2  November  1990 
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5— 8  November  1990 
26—29  November  1990 

3— 6  December  1990 

16— 21  December  1990 
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